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NOTE 

This edition of the report on ATAC-2 Is organized somewhat 

differently from the original edition. Volume I (Air-po-Ai Combat 

Model, Description and Development, General Information) of the 

current edition consists of Voluaes I and II of CSA Report Number 

67-101 and of CSA Report Number 67-102. Volume II (Air-to-Air Com- 

bat Model, Program and Appendices, Technical Details) of the current 

edition consists of Volumes III and IV of CSA Report Number 67-101. 

The Table of Contents and page numbers of the original edition 

are preserved here. 
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PREFACE 

Th.le report is published in four volumes. Volume I, H^tel Description, 

presents an overall view of the model end  its two major submodels, the 

ENGAGEMENT Model and DATA PROCESSING Model, Volume II, Model.^SSl?.SBSBLt 

contains the rationale for the development and discussion of details, 

together with the derivations of all equations. Flow charts and program 

listings appear in Volume III, Program, Volume IV, Appendices, contains 

discussions of certain model concepts in detail« 

The entire report is UNCLASSIFIED, 

This report supersedes the original ATAC-2 document [Rcf, 1], The 

many changes end modifications made in the evolutionary development of 

the model, based on the analysis of many computer runs, hnve rendered 

the earlier vorsion outdated. The prograu of the model as reported hero 

was used for production runs in June, 1967, 

Certain modific.itions which allow either aircraft to det^cü initially 

are reported separately in the document "Fighter Vs, Filter Combat« 

ATAC-2 Model! Double Search," [Ref. 2), 
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ABSTRACT 

>ATAC-2 is a simulation model designed to,help evaluate fighters in 

air-to-air combat. The model treats the one vs„ one dogfight which arises • 

from a random search situation» Both aircraft in the combat are (usually) s» 

aggressive« The two principal outputs from the model are the probability 

p given aircrrft it killed in the fight and the expected number of enemy 

aircraft an aircraft kills over its useful life. Combat is restricted to 

a fixcu altitude. The maneuvers are dynamic in that each aircraft responds 

to the situation at each moment in a dud depending on the information it 

has about an opponent's activities» 

Inputs include, for each aircraft, search and tracking radar character- 

istics, passive radar sensors, optical capability, IFF, energy-maneuverability 

data, weapon loadings, weapon characteristics, and weapon kill probabilities, 
* 

The rationale for the model specifics are presented. Flow charts and 

program listings are included. The model has been run repeatedly on an 

IBM 7094, ' t 
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SUCTION 1 • 

INTRODUCTION 
• 

• 

ATAC-2 is the latest of a series of models developed to evaluate 

aircraft performance in Air-To-Air Combat, hence the acronym, ATAC-2 

was designed principally to evaluate the outcome of a dogfight between 

fighters, although it can be used to evaluate the outcome of a fighter 

attacking a non-maneuvering, non-firing bomber. It starts with one 

aircraft detecting another at a random point. The aircraft that detects 

is predetermined. This characteristic of the model, that only one of the 

two aircraft is searching for the enemy, produces the title Fighter Vs, 

Fighter: Single Search. Once detection occurs, the model traces through 

the ensuing sequence of events by means of a deterministic, time slice 

simulation. No Monte Carlo processes are involved. After the initial 

detection by one aircraft, the model treats the tv/o aircraft alike, subject 

only to the constraints inputted for each aircraft. At any particular 

moment in time, an aircraft may be flying straight, be in a turn, or be 

on a form of pursuit course. It may be flying at constant speed, accel- 

erating or decelerating. Both aircraft (usually) attempt to maneuver 

themselves into positions to fire their weapons. The model is dynamic in 

that at any given time the maneuvers performed, md the times at which 

weapons are fired by each aircraft, depend on the relative position cf the 

aircraft. Further, the maneuver and weapon firings depend upon the infor- 

mation, each aircraft has about the position end activity of the other 

aircraft at the tir.ie. The information made available to an aircraft 

depends on the sensors specified for it, 

- 1 - 
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ATAC-2 consists of two major submodels: The ENGAGEMENT Model (EM) 

and the DATA PROCESSING Model (DPM), The EM answers questions such as: 

Can either aircraft fire its weapons? If yes, when, which weapons and 

how often? The EM produces a time ordered sequence of events that occur 
i , 

during a dogfight; the DPM transforms the sequence into overall battle 
o 

outcomes such as the probability of kill of an aircraft» 

A primary objective in designing ATAC-2 was to conserve running time 

so that a great many parametric variations could be investigated with a 

reasonable amount of computer time. For this reason, the EH and DPM were 

designed to be run separately« Y/hile the running time of the EM is not 

excessive (much less than a minute or« an IBM 7094 for a typical engagement), 

its running time per case is much longer than that of the DPM, The models 

are designed, therefore, so that some parametric variations can be inves- 

tigated by running the DPM several times for one run of the EM, Such 

parametric variations include an aircraft's maximum combat tine (i.e., 

fuel constraint), an aircraft's weapons configuration, and the kill probab- 

ilities attributed to each weapon type. 

As en example of this parametric variation, a lnrge variety of weapons 

might be input for an aircraft. The ENGAGEMENT Model would produce its 

tine ordered sequence of firings of these weapons during t*rf*> dogfight. The 

DPM could be run several tines then, varying the set of weapon* actually 

on board by ignoring certain firings. In order to achieve this feature, 

the EM was designed to ignore the effects of veaponr. fired. Outcomes of 

weapon firings are determined strictly by the DPM, 

The major features of the models are discussed in the remainder of 

Section 1, This section concludes with an example of a run of the 

model, Vore detailed discussions of the KM c.vu  DF« are presented in 

- 2 - 
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Volume IIt Sections 4, 5, and 6, Definitions of the symbols which appear 

in each model are included in Section 7, InporCant restrictions on inputs 

to the models are presented in Section 7,3. Section 5 includes diagrams 

which are intended to clarify the definitions of certain symbols and a 

description of the conventions and symbols applying to the flow charts 
t 

which appear in Volume III, Section 8, 
I 

1.1 MAJOR ASSUMPTIONS 
.• 

• *• • 
(1) Combat takes place between only two opposing aircraft. This 

is a one-versus-one model. 

. i 

(2) All maneuvers of both aircraft are confined to a horizontal 

* 

C 

c 

plane. 

(3) A maximum time can be imposed on the duration of an engagement, 

but this remains fixed regardless of the fuel consumed by an aircraft's 

acceleration or deceleration, 

(4) Whatever information an aircraft has about Itself or the other 

aircraft is perfect. Thus, there is no false information on which an 

aircraft acts. An aircraft, however, may have incomplete information« 

(5) An aircraft's action is not delayed by any reaction or response 

time. Thus, an aircraft can change its course instantaneously fror, a 
* 

straight line to a maximum g turn, 

. (6) An engagement is initiated at the time one aircraft, designated 

"fighter," first detects the other aircraft, designated "bomber," Before 

being detected the bomber is presumed to be flying straight r.nd level as 

if it were oblivious to the presence of the fighter. 
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(7) Prior to detecting the bomber, the fighter has nc information 

on the position, heading or speed of the bonier. This model, therefore, 

reflects combat arising fron a random search by the fighter, 

0 

(8) If the conditions for firing a weapon arc satisfied the 

probability of kill by that weapon is independent of the geometry, 

(9) There are no partial kills, A weapon either kills or does 

not kill an aircraft« An aircraft cannot be killed by damage compounded 

over several weapons« 

(10) The time delay between the firing of a weapon and when it 

kills the target is a constant for all weapons of both aircraft, 

(11) IFF has to be established only once for each aircraft, 

(12) A bomber not already aware of the presence of the fighter 

will becone aware if fired upon, 

1.2 ENGAGEMENT Kodel 

This model simulates a dogf 'jht between two aircraft by e>:?nining the 

combat at fixed increments in time called "time pulses," Time pulses are 

introduced so that the position of each aircraft can be computed, the 

information available to each aircraft can be assessed, end cr»ch aircraft 

can react by changing its maneuvers and speed end by firing its weapons« 

The general tactical doctrine of the EH for each aircraft is: Get 

close behind the target end stay there, Po this as roon re possible 

without exposure to the target's fire (the target's tail fin c:;cejted), 

This assumes each aircraft has short range weapon:; with which to Jill the 

- 4 - 
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target. The decisions each aircraft nay make in each moment of time are: 

( 1) speed up, slow down, or maintain speed; 

2) turn left, or right, or fly straight; 
i 

3) turn on tracking radar: 

4) fire weapon. 

Both 1) and 2) are quantitative as well as qualitative and are dependent 

( 

C 

on each other. 

The EM starts with detection. Both aircraft are assumed to have been 

flying straight before the EM begins, with an angle e betveen their velocity 

vectors. For a given pair of velocity vectors detection of the bomber by 
. li- 

the fighter can occur only if the bomber's path sweeps through the detection 

coverage of the fighter. If this condition is not met, combat will not 

take place. The probability that the condition is met is later calculated 

in the DPil, Fror the continuous contour of the fighter's detection coverage, 

along which detection may take place, several points are selected as starting 

points for combat. These starting points are also called "grid-points," 

Starting from a grid-point, the model steps through the paths of the combat- 

ants in time. Certain decision rules or tactical doctrines are built into 

the logic of the model. While the model provides some choices which would 

allow an aircraft to evade temporarily, to date evasion has not been exercised. 

Generally speaking, the decision rules which have been exercised reflect i.n 

aggressive attitude for each aircraft, 

A narrative description of a possible engagement will serve to clarify 

the EM's operation. The fighter searches for the bomber, At some point in 

its path, the fighter stumbles upon the bomber. Thin is a grid-point at 
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which a simulated engagement is initiated. Immediate]y the fighter speeds 

/ ^\      up and turns so as to get into a favorable firing position behind the bomber. 

As long as the bomber remains unaware, the fighter tries to maintain the 

-surprise element« The fighter sneaks around to the rear of the bomber by 
• 

skirting the letter's detection coverage. In order not to alert the bomber, 

the fighter holds fire until it gets to a preferred firing position, say A,000 

and constant angle-off while firing short range weapons. 

While the fighter attempts to do all thin, the bomber in turn tries 

to attack the fighter with similar types of maneuvers. The bomber will 

do so as soon as it becomes aware of the fighter. Thus, except for the 

fact that the fighter initially surprises the bomber, the rolrs of the 

coir.batants are identical. Each tries to attack the other. 

The success of the attack depends upon the ability of the attacker 

to fire its weapons. This depends on the range, the speeds of the combat- 

ants, their g-loadihg, th<-* attacker's angle off the target, and the heading 

angle of the attacker relative to the target. 
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ft«, from which it can launch a lethal salvo of weapons. Before firing, 

however, the fighter must identify the target by means of IFF and turn on 

its tracking radar. If the bomber becomes aware of the fighter before the 

fighter reaches the preferred firing position, the fighter realizes that the 

element of surprise is gone and will fire its weapons whenever possible. 

Either way the fighter continues to press the attack and strives to reach 

an advantageous position behind the bomber, say at 600 ft,, from which it 

can fire its guns or other short range weapons. Given sufficient maneuver- 

ability, the fighter turns inside the bomber and stays at constant range 
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The maneuvers described above consist of turn*« and changes of speed 

consistent with the energy-maneuverability inputs for each aircraft. 

Geometrically these maneuvers may consist of scissoring, splits» pursuit 

courses, maximum g turns, etc, 
* » * 

The combat terminates if certain conditions are met. The model then 

recycles and simulates another encasementgby starting with another initial 

position or grid-point at which the fighter detects the bomber. Several 

grid-points for a given pair of velocity vectors are located so that in 

the DPM, averages of the results can be calculated to represent the out- 

comes for engagement from this pair of initial velocity vectors and the 

angle c • When the results for all desired grid-points have been computed, 

the model recycles for the next desired angle t    between the velocity 

vectors of the aircraft.  Thus, the DPM can average over the angles e 

as well to compute the probabilities of outcomes for a random engagement, 

or an encounter between two aircraft. 

1,2,1 Initiation 
''*,r*" • • * 

ATAC-2 simulates combat that arises from random search by the 

fighter for the bomber. Initially the aircraft are assumed to fly 

straight and- level at constant speeds at certain relative heading angles. 

If the fighter is equipped with detection radar, it. searches with this 

only; otherwise, it searches optically. The model itself computes the 

arbitrary but fixed number of grid-points at which initial detection may 

take place. Detection of the bomber could not have occurred earlier. 

Although the bomber night have detected the fighter before reachlr.g 

the f'.rid-point, it door, not react until then. This rulft was built into 
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the nodel for purposes of simplification. It reflects the care in which 

one aircraft always surp i;   -:.  the other initially. In the ATAC-2 Double Search 

Mode, [Ref« 2] this restriction is removed. 

• «. 

It 2,2 Maneuvers 

The allowed maneuvers, and the built-in decision processes which 

determine when each should be used, constitute the assumed tactics of 

air-to-air combat and as such are an important part of the model. 

The basic tactic built into the ATAC-2 model is the attack by 

means of a decreasing lac pursuit course (DEL Pursuit Course) for each 

of the combatants. If an aircraft knows the whereabouts of the ene'ny but 

cannot at the moment fly this pursuit course, the aircraft usually changes 

its speed so as to maximize its turning rate and minimize the time necessary 

to establish a pursuit course. 

When an aircraft reaches the proper heading for a DEL pursuit course, 

it presses the attack. 

At any given time pulse, an aircraft follows one of three maneuversi 

straight line, circle, or pursuit course, A bomber that has had no 

information about the presence of the fighter flies a straight line at 

constant speed. 

An aircraft that has lost all information about the present where- 

abouts of its opponent changes its speed and turns at its best turning*, 

rate in an effort both to evade its opponent and to find it. 
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An aircraft obtains information about the whereabouts and maneuvers 

of its opponent only by neaps of the sensors. Each aircraft way be 

equipped with any combination of the following sensors: detection radar, 

a tracking radar, an optical capability, and one of two types of passive 

radar sensors« These passive sensors may or nay not be capable of 

recognizing the side on which an opponent is positioned. By means of 

the sensors the bomber may become "aware" of the fighter's proximity, 

"Aware" means that the bomber knows that a fighter is nearby. An aware 

bomber turns into the fighter seeking to attain a pursuit course if it 

can discern which way is "into," However, if the bomber's awareness is 

by means of a non-directional passive radar receiver, the bomber 

makes a tactical doctrine counterclockwise turn. 

It is assumed that either the active radar or the optical capability 

is sufficient to maintain a pursuit course, Uhile *n a pur; jit course, 

an aircraft accelerates or decelerates according to the doctrine that 

it arrive in a firing position for its shortest rar.pe weapon while moving 

at the same speed as the enemy (if possible), and that it should pet to 

that firin« position in minimum tine. Thus, in general, tne aircraft 

will accelerate until it must decelerate. If the aircraft is unable to 

maintain a pursuit course due to £ loading, it reverts to a turn toward 

the enemy and adjusts its speed to improve its turning rate. 

In all of the above statements, except the initial detection of the 

bomber by the fighter*} the bomber and fighter are completely interchange- 

able. 
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1,2,3 Firing Conditions 

Up to six different types of weapons may be included in an aircraft's 

configuration, (This is a program limitation, not a model restriction,) 

When an aircraft is within range.of a target and certain conditions are 

met» it may fire its weapons at a predetermined rate. The allowable range 

interval in which a given weapon type may be fired depends on the gconetry 

of the situation at the particular moment. It depends on the target's 

speed and g loading and on the attacker's angle off the target. In addition, 

it depends on the pursuer's speed, tracking angle and g loading. These 

factors together determine whether c launched weapon can hit the target. 

It is assumed that the conditions at time of launch (or firing) are sufficient 

to determine an intercept (or hit). The time of flight of the weapon is 

introduced in the DPM, The effect of the weapons on the target is super- 

imposed on the combat in the DPM, This determination is deferred so that 

computer running time can be saved. Different combinations of weapons 

carried and different kill probabilities can be superimposed in the DPM on 

the same basic engagements without rerunning the simulation part (EM) of 

ATAC-2, 

Firing occurs only after the attacker has established IFF by having 

had the target within IFF range and angular limitations. 

The launch conditions may be different for each weapon. Thus, for 

example, the model can treat aircraft armed with Sparrow and Sidewinder 

mis.'iiles as well as guns. 

The aircraft docs not have to be on a pursuit course to fire; snap 

shooting is allowed, 
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1.2. A Termination 

m 
An engagement ends when any of the following conditions obtain: 

• 

(1) the aircraft arc within a minimum range of each other; 

(2) the maximum combat time is exceeded; 

(3) neither aircraft has information about the other, and an 
input amount of time has passed« 

• 

The minimum range in condition (1) can be input to zero. Condition (2) 

is put in to prevent the model from cycling through an endless loop, ar 

for example, if two identical aircraft are circling about each other at 

identical speeds. 

By "engagement" is meant the combat between twe aircraft, starting 

with the detection of one by the other, continuing through the maneuvers 

and firings of weapons and terminating under the above conditions. Thus 

each simulation beginning with one grid-point for one e is an "engagement", 

1.3 DAT/ PROCESSING Model 

The DFM is concerned with calculating the various conditional kill 

probabilities of interest, It uses the data produced by the EM which is already 

ordered by time for each er^.ngenent. The time-sequenced data of each 

engagement can be considered as a history of the combat between two 

aircraft•• The DPM averages over many histories from many en'-ascrcntR, 

i,e,, from many grid-points and many initial relative heeding angles e , 

to obtain the probabilities of kill of the encounter. It can use one run 

of the E!I many tires by varying the input P^'s , (probabilities of kill) 

or the type weapons, or the combat time available to each aircraft. It 

is for this ree&on that it was developed es  a separate entity fron the E5I, 
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Each run of the DFM uses the results of one run of the EM, A run 

(    j      calculates the results for one specified pair of aircraft with specified 

initial speeds, weapons, etc., but for a whole oet of grid-points and heading 

angles e , 

ft 

The DPM uses the tine each weapon is fired. It assumes the P,r 

of a weapon is independent of the particular circumstances under which it 

is launched, such as ran^e and angle. If this assumption is not a Rood 

one, then launch conditions which f.ive rice to vastly different F's 

should be treated as though associated with a different weapon type in 

inputtins the EM. 

Many of the outputs of the DPM are in a form required as inputs to 

the AIR-SU-5 Nodel of AFGOA for force evaluation. 

The inputs to the model involve aircraft characteristics, sensor 

properties, and weapon parameters. Other quantities which must be input 

are classified as miscellaneous. This class includes quantities which 

govern the initial and terminal conditions of simulated engagements« 

1,4,1 Aircraft Characteristics 

An aircraft is specified for the El by values inputted for the 

following performance characteristic«; and conditions: 

(1) initial speed, 
(2) minimum speed, 
(3) maximum speed, 
(A) energy-maneuverability: specific power as a function of 

speed and g'a, 
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(5) a constant factor for deceleration, aside from (A), 
(6) maximum sustained g's which can be pulled in a constant 

speed turn as a function of speed, (related to (4)), and 
(7) maximum g's a pilot can withstand. 

An available combat time for each aircraft must be specified for operation 

of the DPM. 

The designations of the combatants as fighter and bomber arc used 

strictly for convenience in describing the operation of ATAC-2, They 

are not intended to Imply any restrictions about the type of aircraft 

which can occupy the roles of either combatant. The user is at complete 

liberty to specify the type of aircraft for the role of fighter or bomber 

and can, if he wishes, interchange the roles of aircraft types in successive 

runs of ATAC-2, 

1,4,2 Sensors 

ATAC-2 allows five sensors to be included in an aircraft's configuration: 

(1) detection radar, 
(2) tracking radar, 
(3) IFF, 
(4) passive radar receiver, and 
(5) optical. 

The coverage patterns of all sensors are assumed to be sectors of 

circles, A range and half-angle must be specified for each sensor to be 

included in an aircraft's configuration. The range of any of the five 

possible sensors which fcre not to be included must be set to zero. All 

half-angles are measured with respect to the nose of an- aircraft except 

the half-angle of passive equipment which is measured with respect to 

an aircraft's tail. 
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In addition to range and half-angle, the type of passive radar 

( ) receiver to be included in an aircraft's configuration must be specified, 

ATAC-2 considers two classifications of passive equipment: 

(1) a type with side discrInination, and 

(2) one without side discrimination. 

I 

Passive equipment with side discrimination is capable of distinguishing 

the side, left or right, fron which an attacker is approaching. 

In ATAC-2, a prerequisite for passive detection to occur is that the 

detecting aircraft must be illuminated by the other combatant's tracking 

radar. Illumination by detection radar is not considered sufficient 

for passive detection because it is presumed to involve an unacceptably 

high false alarm rate. 

The coverage specified for tracking radar equipment should be 

included within the coverage of an aircraft's detection radar. If this 

restriction is not observed, an aircraft nay be prevented from firing 

when it logically should be able to, since in the model the tracking 

radar is insufficient tc cause firing, 

ATAC-2 allows a weapon to be fired only if a target aircraft is, or 

was, at least once, positioned within an attacker's IFF coverage« Thus, 

some IFF coverage must be specified for an aircraft if the user wishes to 

allow the aircraft to fire its weapons, 

The active detection capability cf an aircraft designated t^e fighter 

serves a special function in initiating simulated engagements. The banner 

occupier» a position on tfia perimeter of the fighter's active detection 
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pattern at the beginning of each engagement. The active detection 

r capability used for this function Is that of the fighter's detection radar, 

If the fighter has detection radar; otherwise, the fighter's optical 

capability is used. 

( 

( 

1,4,3 Weapons, 

Up to six weapon types nay be included in each aircraft's configuration. 

For each weapon type, launch envelopes or firing tables raust be provided 

which nay be sensitive to a target's speed and turning rate and the 

attacker's angle off the target aircraft's tail. These tables specify 

minimum and maximum ranges within vhich an attacker may successfully fire 

a weapon of a given type. Further inputs are the maximum allowable tracking 

angles and g limitations which must be satisfied for an attacker to fire 

each of his weapons. For the DPM, the probability of kill given a weapon 

is fired must be provided for each weapon type. If weapons of a given type 

are to be fired in salvos, the probabilities of kill input should be for a 

salvo, A salvo is treated as ne weapon firing. The minimum time between 

successive firings of a given type weapon is an input for each type. The 

EM provides most of the inputs needed by the DPM, If desired, the DFM 

utilizes only a subset of the weapons carried by the aircraft in the duel 

in the EM« Each weapon in all such subsets to be considered must be 

specified in the inputs for the DrM, The El prints out the conditions 

under which each weapon was fired, 

I #4 «4 jtjsccllrncous. 

The miscellaneous category of inputs refers to control parameters 

which govern the operation of the ATAC-2 computer progrrr. \\\ -principal 

inputs in this category are: 
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(1) At , the length of a time pulse. The EM evaluates engagements 

, between two aircraft at successive intervals of tine called 

time pulses. Aircraft are moved relative to each other, weapon 

firing conditions are examined and decisions about the next 

aircraft maneuvers to be executed are made in each time pulse. 

The accuracy of the outputs of the model as well as the computer 

the value assigned to At . 

* 

(2) The maximum time for an enpagenent. An engagement is terminated 

the maximum simulated time allowed for an engagement. The value 

of this input should be a reflection of the combat time and, 

therefore, the fuel supply and fuel consumption rate of the 

aircraft being considered, 

(3) Minimum range between aircraft. Another condition for termin- 

ating an engagement is the range between the two aircraft 

becoming less than a specified minimum. This parameter may 

be set to zero, thus eliminating the condition, 

(A) Ac , the crossing angle increment« ATAC-2 provides for consider- 

ation of a series of initial relative headings of the two combat«» 

ants for a given run of the computer program. The relative 

heading at the beginning of each engagement is f*ivcn by t  , 

the angle between the fighter and bomber initial velocity vectors. 

The program will consider a net of  e's uniformly spaced by the 

inert rent Ae. , Vor details, see Volume II, 
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(5) The number of points, called grid-points, on the perimeter of 

( the fighter's active detection pattern at which the bomber will 

be initially positioned for a series of engagements for each c • 

The number of grid-points, together with the number of e's which 

is determined by Ac , affect the reliability of the kill probab- 

ilities which result from the averaging processes used by the DPH, 

(6) A choice of evasion options. Under several conditions, such as 

running out of ammunition, or having inferior relative turning 

ability coupled with a disadvantageous position, an aircraft may 

try to evade its opponent. However, to date, these options have 

not been exercised, 
• 

1.5 Output of EgGAGEHEjg Model 

f 

One run of the E!l is executed for two specific aircraft with input 

initial speeds, weapons, etc, A run includes many engagements by looping 

through several grid-points for each c and several E'S , Typically 

one run of 50 engagements (5 e's , each with 10 grid-points), corresponding 

to 5 minutes of combat time each, takes 10 minutes on an IBM 7094, Thus, 

each engagement runs in about one-twenty-fifth of real time. 

As an optional output for each engagement, the program prints the 

inertial coordinates of the position of each aircraft at regular intervals 

of tip.a. This allows one to trace the time-linked paths of the aircraft 

in space. 

Regular outputs for each engagement are: 
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(1) For each Weapon type of each aircraft, the tinea at which thai 

aircraft launches those weapons (if at all), the range and 

relative angle* at launch end the cumulative time during which 

the launch conditions for that weapon type are met, The amount 

of ammunition fired is thus directly considered. By a weapon 

"launch" is ac-nt the firing of a weapon when the required launch 

conditions obtain. 

(2) The tine at which the bomber beco cs aware of the fighter, 

' 

ll 

# 
(3) The total tine of the engagement» 

(4) The relative angle e and the grid-point of the engagsmrnt. 

Regular outputs for each run include the necessary identification information, 

1,6 Output of, the DATA. gSOCj^S|KGJfodel 

Most of the outputs of the DIM arc probabilities. These probabilities 

are generated by first calculating the corresponding probabilities for 

each engagement, i.e., for each grid-point of a given e , then averaging 

over the grid-points and finally over the e's • The probabilities of 

kill for an engagement are cor.puted by restricting ccmbat to the available 

combat tine of the aircraft. 

Typically, one run of the DPMg Corresponding to owe  run of the FM, 

takes qbout 10 seconds on the 7094. 

Most of the probabilities compute:! are conditional probabilities. This 

means that the events for which the probabilities are computed depend en 

other events occurring* Over fcll, it is note;! that t' :. V."  11* its eveuta 
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to those in which the fighter detects the bomber. To remove this condition, 

the DPM must evaluate the probability of the event that the bomber is 

detected. 

Given detection by the fighter, the bomber, may or may not be aware of 

this detection, "Aware" means that at some tine during an engagement the 

bomber detects the fighter; "unaware" means that the bomber never detects 

the fighter during a  given engagement. Another conditional output computed 

is the probability of the event that the bomber is killed given it is 

detected and is unaware. The DPM uses such output to find the joint 

probability of kill and unawareness, by evaluating the probability that 

the bomber is unaware given it is detected. The complementary condition is 

sometimes imposed and outputted: that the bomber is aware. The DPM 

outputs the probability of the event that the bomber is killed given that 

the bomber is detected and is aware. Similarly, the DPM outputs the probability 

that the fighter is killed given that the bomber is detected and is aware, 

A further condition on the events for which probabilities are calculated is 

that a given aircraft does not fire. One corresponding output is the 

probability of the event that the bomber is killed given it is detected, 

aware and does not fire. 

In general, when conditional probabilities are calculated, the 

probability of the conditions themselves must be evaluated to determine 

the unconditional probabilities. 

Another set of outputs shows the expected nunber of targets an aircraft 

kills over its useful life. This is a measure of effectiveness of an 

aircraft. It ta!*es into account both its ability to kill a target and its 

ability to survive en encounter with an enemy« 
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1,7 An Example of an ATAC-2 Run 

A tool of unquestionable value in the development and understanding of 

the ATAC-2 Model is the plot of the coordinates of the combatants as a 

function of time. In Figure 1.7-1 a (partial) plot of an actual ATAC-2 

run is shown. The time (in seconds) associated with the points along 

each curve is shown; the bomber's time is shown to the right of each 

marked point on its path, and the fighter's time is shown to the left of 

the corresponding point on the fighter's path. 

In this figure the aircraft were initially about 4,000 ft. apart when 

the fighter detected the bomber. The bomber was initially flying at 750 ft/sec, 

and the fighter at 950 ft/sec. Immediately the bonber became aware of the 

fighter and turned hard left to acquire it. The fighter turned left to try 

to maintain the pursuit course. In so doing the fighter crossed the bomber's 

path, yet still remained behind it and did not lose the advantage. However, 

due to this crossing, or "overshoot," the bonber started to turn the other 

way, causing more overshooting of the fighter and producing a series of 

scissoring maneuvers by the two aircraft (times 11 to 29), Eventually the 

bomber, with its inferior position and inferior maneuverability, fell into 

a situation in which all it could do was to remain on a maximum p turn 

at its best turning rate, only to find the fighter could out turn it and 

maintain a position behind the bomber. 

Although merely one example of the results obtainable from ATAC-2, 

this figure shows some interesting aspects of tiie model. For exanplc, the 

bomber was able to know which side the fighter was on even when the fighter 

was in the bomber's rear. This is because the fighter's tracking radar was 

illuminating the passive sensors of the bomber, giving the bomber the hemis- 

phere of the source and hence the direction in which to turn. Hovever, 

- 20 - 



h-f- * i    H ' 

r—[ — -_ 5 - Bomber1 s Path 

5,000   10,000 ft. 

Figure 1,7-1 Plot of Engagement 
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later on (between points 23 to 29) the bomber lost this information due to 

a high angle-off of the fighter, and turned steadily away from the fighter, 

This in fact was its undoing« Also, throughout this example each aircraft 

varied its speed. Since the ability to pull g's is a function of speed, 

the g's pulled varied also. This is evidenced by the varying radii of 

curvature throughout the paths. 

The outcome of this engagement depended on the weapon loadings of 

the aircraft, which could be varied in the DPM, but the fighter in any 

event would likely kill the bomber with high probability, since it 

consistently held good firing positions. 
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SECTION 2 

MODEL CHARACTERISTICS AND ASSUMPTIONS 

A checklist of the model characteristics and assumptions is presented 

here for the reader to scan, in order to emphasize just what the model is 

and does« 

1, ATAC-2 is a computer simulation« 

2« One aircraft versus one aircraft only, 

3« All action is on a horizontal plane. 

4. ATAC-2 is separated into the ENGAGEMENT Model (EM) and the 
DATA PROCESSING Model (DPM), The EM is the actual simulation. 

5. Lethal effects of weapons are treated in the DPM but ignored 
in the EM, in which the two aircraft continue to fly. 

6. The DPM uses an iterative procedure to calculate kill probabilities 
from the EM, 

7, Basic tactics are built into the model; except for certain 
evasion jptions, inputs affect only details of tactics, 

8, The aircraft designated F always detects the aircraft 
designated B first, 

9, The position of B , before F detects, is a uniformly 
distributed random variable over an area, 

10, Based on 9,, the DPM computes kill probabilities independent 
of the position when detection occurred, 

11, No Monte Carlo processes are used, 

12, The fir.al output of the model is, for each aircraft, the number 
of enemy aircraft killed over an aircraft's useful life. This 
measure combines an aircraft's ability to kill the enemy with 
the measure of its own survivability. 
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SECTION 3 

POINTS OF EMPHASIS IN ATAC-2 

As ATAC-2 developed certain treas were felt to nerit more detail than 

others« A short summary of these points of emphasis is presented for 

Introduction to the model discussion. They will be developed as needed in 

Section A, 

Above all| the model looks at tactical maneuvers more closely than 

at such considerations as weaponry, avionics, or overall mission success. 

In particular, aggressive maneuvers, as opposed to evasive, are considered 

in detail. The basic aggressive maneuver is the decreasing la* pursuit 

course (DFL Course), whereby a pursuer attempts to swing behind its target 

while pointing behind the target. One advantage of this course is that 

the pursuer quickly establishes a position veil to the rear of the target, 

thus possibly obtaining on element of surprise. This surprise element 

will be considered in some detail in the model. For example, the pursuer 

will avoid alerting the target by not firing until within a ranfte R* • 

Once the aircraft are close to each other, a major concept is the 

steady state. A pursuer attempts to maneuver so that the target is help- 

less if the target attempts to convert on the pursuer. In steady state, 

even while the target turns, the pursuer can turn at the same rate and 

stay behind the target. 

This steady state is useful only at L  good firing range. The 

pursuer tries to achieve the steady state at an ideal firing rgnge R* , 

The ability to maneuver is based on linear acceleration and turning 

rate capability. This Is defined by the specific rover of an aircraft at 
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a given power setting. The specific power function describes the trade-offs 

between accelerating and turning« Decisions must be made concerning these 

trade-offs. Although for a given velocity the turning rate determines 

the number of g's an aircraft pulls, and vice-versa, there Is a subtle 

difference between making the decisions based on turning rate and based on 

g's. Turning rate is thought to merit more attention than g's. In particular, 

the optimal point in the trade-off between acceleration and turning rate 

frequently is the point at which the largest sustained turning rate is 

achieved. 

The doctrine concerning speed in the model is that an aircraft should 

speed up as much as possible until it must slow down in order to reach a 

preferred firing position as fast as possible. A function SCV1) is 

defined in the model to approximate the point where an aircraft must switch 

from acceleration to deceleration. 

The ability to fire weapons plays the second most important role in 

the model. The major criterion for a weapon firing is that the launching 

aircrr^t be inside a "weapon envelope" surrounding the target. This 

envelope varies with the individual weapon, the target's velocity and 

maneuver. Some aspects of the envelope are input, others calculated 

dynamically. 

Many other criteria are introduced in the model for weapon firings, 

and other considerations are put forward for tactical decisions. But the 

above underlined points pervade the model and are most basic to it. 
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SECTION 4 

ENGAGEMENT MODEL DEVELOPMENT 

4.1 Introduction 

Consider two aircraft» each of which flies straight and level. One 

is a fighter searching for enemy bombers. The other is a bomber unaware 

of an impending air-to-air encounter. If the fighter detects the bomber, 

it engages the bomber in a duel. Either aircraft may then be shot down. 

The ENGAGEMENT Model mathematically formulates the search and the ensuing 

engagement. 

The engagement can be broken down into segments, each of which can be 

described mathematically. For example, one can modelize the conditions 

for firing a weapon by an "envelope" which surrounds the target aircraft. 

One can then decide if a pursuer is inside this envelope. If so, and if 

certain other conditions are met, it fires; otherwise it does not (or at 

least it fails to hit the target). 

Similarly, if the pursuer flies a pure pursuit course, which means it 

always points at the target, then one can describe the position of the 

two aircraft after, say, 10 seconds. Severe restrictions, however, must 

be placed on the target*s course (constant speed and direction) and the 

pursuer's speed (constant). But targets do turn; to deny this would bias 

the model heavily to the pursuer's gain. So one must allow the target to 

turn. On similar grounds the aircraft must be allowed to accelerate. Each 

of the concepts of direction and speed change can be cast into a mathematical 

form. But it is hopeless to combine these expressions with all the other 

necessary equations in order to obtain a unified analytical expression which 

- 4 - 



reflects air-to-air combat« An approach using simulation is essential. 

( The simulation unifies these mathematical descriptions by incrementing 

time in discrete jumps (typically 1/4 second is small enough for accuracy). 

At each time pulse, decisions can be made about acceleration, weapon firings, 

etc« The rules of decision are inflexible during the engagement, but each 

decision is made on a cross-that-bridge-when-it-comes basis. This allows 

greater flexibility in the model« Mew decision rules and new concepts can 

readily be added« For example, if additional requirements were necessary 

for weapon firing, these could be inserted and interrogated before firing« 

In a closed form mathematical model this would not be easy« 

The flow of ATAC-2 is shown by Figure A ,1-1; the time simulation is 

step three« This phase contains the actual engagement« Step two describes 

the fighter's search and eventual detection« The idea of the model flow is 

( that for one input-set a number of engagements will be simulated« The 

difference between each engagement will be only the positions of the aircraft 

at initiation, defined as the point at which the fighter detects the bomber« 

The tactical rules and weapon loadings will be identical« Nevertheless, 

different starting points can lead to vastly different results« 

4«1«1 Layout of Development 

The model discussion centers attention first on the search of the 

fighter, which leads to possible positions where detection of the bomber 

occurs« Once the engagement begins, the first consideration is mechanical; 

a coordinate system must-be set up, Important geometric aspects considered, 

and basic equations derived describing the movement of the aircraft» From 

there the discussion proceeds to the heart of the modelt the conditions for 

firing weapons, and the tactical decision rules« The former must be discussed 
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INPUTS 

I 
GRID: Generate grid of possible Initial 
positions from which aircraft designated 
F can first detect aircraft designated 
B • 

I 
ENGAGEMENT: For each initial position 
simulate subsequent combat« 

I 
PK: Calculate kill probabilities of 
each aircraft for each engagement. 
Combine these probabilities to arrive 
at P)£ unconditional on initial position, 

Figure A.1-1 ATAC-2 MASTER FLOW 
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first as they give rise to the latter« In particular, requirements of 

r wer.pons, along with other considerations, lead to the course taken by a 

pursuer in closing in on its target« 

After describing this course, attention turns to the method by 

which the aircraft achieves this course« The aircraft changes its 

acceleration and turning rate constantly, and the mathematical description 

of this change is formulated« There are many restrictions on acceleration 

and turning, and decision rules are developed to take care of cases in 

which the pilot cannot achieve the doctrine course« 

Finally Section 4.7 discusses tactics in more detail« For example, 

once the pursuer is close in on the target's tail, what does it do? (It 

must be emphasized that ATAC-2 postpones the question of aircraft kill 

until the DPM it exercised« In the ENGAGEMENT Model, the attack must 

proceed after weapon firings«) 

Other points covered by Section 4«7 include th". tactics of an aircraft 

when its radar or optical information is inadequate to follow the doctrine 

pursuit course« Also, an evasion option, as opposed to attack, is offered 

the aircraft« 

A list of all symbols is given in Section 7 of this volume« Symbols 

are consistent throughout« However, the evolutionary development of 

ATAC-2 resulted in certain unfortunate notations« The reader is cautioned 

not to associate a variable in simple form with one in subscripted form« 

For example, S , S^ , S^(x) , S(x, y) can each be a distinct variable 

with no relation to the others« Further, although rarely occurring, it can 
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happen that the same variable is used in different routines for different 

purposes« This cannot happen within the same routine, however. 

4,1,3 Coordinate Systems 

In both steps 2 and 3 of Figure 4,1-1, the aircraft are assumed to fly 

In the same horizontal plane. This is not "realism," of course, but the 

ability to climb will be reflected in horizontal acceleration and turning« 

A two dimensional scheme reduces complexity, and thus increases understanding 

of the model. For the two dimensions a rectangular (x, y) coordinate system 

is superimposed over the space the aircraft cover, (x, y) describes the 

positions of the aircraft. The time derivatives x and y of each 

aircraft describe the velocities. This (x, y) coordinate system is 

introduced at the beginning of an engagement and remains fixed with respect 

to the ground; both aircraft change their (x, y) coordinates in time. 

Two other dimensional systems are used. To describe the search phase, 

a moving rectangular coordinate system centered at the fighter Is convenient, 

referred to as (X, Y), Then, during the engagement, the main concerns of 

tactics and weapon firings dictate a moving coordinate system in addition 

to (x, y)• These relative coordinates are not rectangular but are defined 

by the range between the aircraft and relevant angles. Both aircraft take 

into consideration the relative geometry in their tactics. 

Appendix B, Geometric Considerations, discusses some interesting 

aspects of the coordinate systems. 
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4,2 Search 

Significantly, the time simulation begins at the meeting of the 

aircraft« To evaluate the search phase, rather than fly the aircraft 

until the fighter detects the bomber, it is useful to consider what the 

nodel requires from the search phase. 

First it requires a point of detection: The position of both aircraft 

at the time the bomber enters the detection coverage region of the fighter. 

The positions previous to this are of no consequence. Second, it requires 

a probability: How likely is this position given detection occurs? The 

model will exercise the engagement simulation a number of times for different 

detection positions, in order to arrive at results independent of the directions 

the two aircraft flew prior to the engagement. Probabilities are needed to 

combine the results of the individual engagements. The search problem, 

then, is reduced to one point in time, the time at which detection occurs; 

thus no simulation is necessary. To analyze the search, consider the 

fighter'8 detection equipment. It is either radar or optical. Assume 

that if the aircraft has radar, it is used exclusively. Once detection 

occurs, however, the fighter will use both for continued use, Vith either 

means of detection, the area of coverage is described by a circular sector 

(actually a cone reduced to two dimensions). Figure 4,2-1 shows a typical 

radar pattern; 4,2-2 an optical. Normally, active radar is limited to the 

front hemisphere, while optical sighting allows the pilot to look behind, 

as in the diagram. In any case the fighter may always detect directly in 

front, out to a maximum range r , and on either side through an angle p • 

Along the sides of the detection pattern it can also detect out to r , 
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Figure 4.2-1 Typical Radar Pattern 

Figure 4.2-2 Typical Optical Pattern 
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The bomber is assumed to possess similar detection equipment, usually 

with a different range and angular limit. However, if the bomber detects 

the fighter before the fighter detects, the bomber will ignore it and fly 

straight until it sees the fighter maneuver« The bomber prefers to avoid 

encounter, and the fighter possibly will not detect« 

The bomber and the fighter fly linearly during the search« The 

fighter's detection pattern moves along with the fighter« To detArmine 

whether the bomber crosses this pattern, the fighter is "fixed"; that is, 

an (X, Y) coordinate system is established which moves with the fighter, 

and the bomber's change in coordinates will represent the change in relative 

position due to the motion of both aircraft« Figure 4,2-3 shows the fighter, 

its detection pattern, and several possible bomber positions« Kote that 

the arrows showing the relative bomber velocity V* are not the velocities 

as a ground observer sees them; since the fighter is fixed, not the ground, 

the arrows describe the bomber velocity relative to the fighter — how the 

fighter would see the bomber if it were inside its detection pattern. Thus, 

the angle between the two aircraft headings is not the angle between V-, 

and V* « However, a simple relationship exists here as shown in Figure 

4«2-3« The vector sum of the fighter velocity and the relative bomber velocity 

Is the true bomber velocity. 

Another point to note about v  is that by reversing the direction 

of the arrow, the bomber can be considered fixed, and V* will represent 

the relative motion of the fighter« 

Figure 4,2-3 shows the difficulty of handling some arbitrary bomber 

* velocities. The bombers labeled (l) and @ will eventually be detected, 

but @ and @ will not,  Qj) has already been detected, 
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Figure A,2-3 Bonbers in Rändern Directions 

- 12 - 



• «  « 

The geometry of each case is somewhat different. However, a uniform 

criterion arises if, as in Figure 4.2-4, the course of the bomber relative 

to the fighter is restricted to one direction. If relative to the fighter, 

the bomber flies within the segment Y* it will be detected; otherwise not. 

If the fighter searches for time t , then relative to the bomber it moves 

a distance V*t • The detection pattern relative to the bomber sweeps out 

an area (V*t)Y* . If the total area of possible positions for the bomber 

is known, then the probability of detection P  is found by 

V*Y*t 
D P„ -   

Total Area 

More generally, for a given e , which is the angle between the bomber and 

fighter velocities Vß and V-, , assuming a constant total area and search 

time, 

PD " PD(VB » VF •  € • p » r) ' 

A more complete development is given in Appendix A. 

The problem with tackling the general case of Figure 4.2-3 is now 

evident. Y* will change with c • Note that from Figure 4,2-5, if the 

fighter flies very fast, a tradeoff may occur. It covers more distance 

(V*t) but Y* shrinks. 

Figure 4.2-6 shows the separation of the search problem into 

1. picking an c , and 

2. considering possible detecting positions for the t  , 

- 13 - 



V* 

V* 

Velocity Diagram position Diagram 
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Fipurc 4,2-5 Results of Increasing Fighter Speed 
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c GRID; Set up grid of 'Vs,' the 
angle between the two velocity vectors 
of the aircraft« 

> 

GRID FOR GIVEN e; For each e , consider; 
the fighter's detection geometry. Together 
they give rise to a set of possible points 
where the bomber could first come into view. 
Set up a grid of these points. 

OUT 

Figure 4,2-6 Search.Flow 
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From Figure A,2-7 Y* is obtained. For convenience, in the 

equations which determine the initial positions, the (X, Y) coordinate 

system is rotated so that the relative velocity vector V* is parallel 

to the X-axis, The fighter is fixed. Now all that remains is to select a 

Y value, say Yg , between YB^n and Ymax , which gives rise to a 

particular point of detection. Figure 4,2-7 is the normal case: The 

fighter initially sees the bomber from the front. Figure 4,2-3 shows a 

case in which the bomber is faster and comas from behind. In Figure 4,2-9 

the situation is similar, but now the detection pattern allows the fighter's 

detection from the rear. 

Figure 4,2-10 describes the flow of this model in a more procedural 

manner. In particular, it shows that Yfi and Yc must be evaluated, the 

limits which separate the paths on which detection occurs at full range 

from paths on which detection occurs from the side (note Figure 4,2-9), 

The model, then, considers a representative set of e , and for each 

e a representative set of Y along Y* , and simulates the engagement 

from that point. The likelihood of each engagement can be evaluated, as 

was shown, and probabilities unconditional on c are thus obtained, 

4,3 Engagement Geometry 

During an engagement, tactics are determined by certain geometric 

relations between the aircraft. The relevant geometry is shown in 

Figure 4.3-1, In the remainder of the discussion, the subscripts B and 

F will sometimes be dropped when the discussion applies to either. 

The angle a between the velocity vector of the attacker and the 

line of sight is referred to as the tracking an^le. The angle $ between 
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Figure 4,2-7 Head On Case 

Yg   YMAX 

'MIN 

V* 

1MIN *g HAX lMIN Yg YMAX 

Figure 4,2-3 Bcmber Comes In 
From Behind 

Figure 4,2-9 Fighter Detects 
While Bomber is 
in Rear 
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Given e , Determine the Direction 
of the Velocity of B , 

Relative to the F 

Consider This Relative Velocity Vector to 
Generate a "Y axis'1! Possible Y's Along 
Which the  B   Flies Relative to 

a "Fixed" F 

Evaluate (YMIN, Y^), The 

Segment Across Which 
Detection Will Occur 

Set Up Grid of Y's Across the Length 
(YMIN, Y^), At Each Grid Point, the 

Intersection of the Relative B Velocity 
Vector With Detection Pattern of F Will 

be Starting Position for Simulation 

Detection Pattern is Range and Angle 
Limited« Evaluate YB and Yc, where clock- 
wise from YC,B Comes Onto the Radar From 

the Side, and clockwise from Yg it comes 
in From Full Range 

I 
OUT 

Figure 4,2-10 Crid for Given e 
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\ 

Figure A,3-1    Defining Relative Positions 
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the negative of the target's velocity vector and the line of sight is 

referred to as the angle-off. These variables are subscripted B or F , 

as they relate to the bomber or the fight?**. The angles are related by 

I oB I - « - I t, I        (4.3-1) 

I «, 1 - « - I *B I        (*.3-2) 

The angles a and $ , along with the range R and speeds V« and V- 

are all that would be needed to describe the relative geometry if the 

bomber flew straight« In that case, the line of sight would turn precisely 

with $-, « With both aircraft maneuvering, however, the turning rate of 

• •   •   •   •        • 
the line of sight, 6 f changes with $p + ßß • $« + ß„ , where ß« is 

the turning rate of the bomber» To keep track of P an inertial reference 

line is needed, the x-axis being as good as any; the direction of this 

line is arbitrary, as the values ß and 6 are not essential for the 

tactics of the aircraft, only ß end 6 « Knowledge of these various 

parameters is dependent on sensor information» In fact, the sensors are 

assumed to be perfect« 

Although both aircraft will change their velocities V and turning 

rate ß as they fly, the instantaneous effect of their V and ß on 

the position variables o , «t» , R , 6 can be evaluated« The procedure 

is given in the next section. 

4«3.1 Equations of Motion 

Let a bomber B and a fighter F fly w^th speeds Vß and V« 

respectively. Define the inner line of sight (LOS) as that portion of the 

LOS that is between the aircraft and the outer LOS as the remaining portions, 
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Define a^ to be that angle measured from the inner LOS to the heading of 

aircraft i and the angle ^ as that angle measured from the outer LOS 

to the heading of aircraft j , i, J • F or B , i and J distinct. Also 

define ßi as the angle between the heading of aircraft i and the inertial 

reference line (IRL) measured as shown in Figure 4,3-1, All angles are 

positive if measured in a counterclockwise direction and negative otherwise. 

Thus, in the Figure a , <f>F , 3 , ßp » 6 are all positive while o. 

and $B are negative. 

Let a dot • indicate the derivative with respect to time. Then 

R is the rate of change of range between the two aircraft, 6 the turning 

rate of the LOS, o„ the turning rate of the tracking angle of the fighter 

and <J>F the turning rate of the fighter*s angle off the bomber. With 

these definitions in mind, the four equations of relative motion are 

R - VB cos $F - Vp cos oF        (A.3.1-1) 

R6 - VF sin ap - Vß sin 4»F        (A.3.1-2) 

ap - 6 - if (A.3.1-3) 

JF - 6 - ßB (A.3.1-A) 

The equations are derived in Appendix B, 

These equations together with (A,3-1) and (A,3-2) are numerically 

integrated in the simulation by assuming that for one time pulse at , 

the V and ß are held constant. Letting At • dt , we have: 

R(t + At) • R(t) + Rat ; similarly for o^ , ^ , ^ • 
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The functional notation R(t + At) means the value of R at the time 

t + at in the simulation. Similar notation for other variables will 

subsequently be used. For the tactical and weapon firing decisions to be 

made by each pilot, the relative coordinates R , a. , $  are used rather 

than the inertial coordinates x. , y. . Nevertheless, for an analyst to 

review an engagement, a plot of the relative coordinates (R, $) may not be 

so enlightening as an inertial coordinate (x, y) plot. As ßß is known 

Figure 4.3-2 gives the values of xfi and y« for the bomber Immediately: 

iß - - vB cos aB 

(4.3.1-5) 

yB " V
B 

8in h 

As before, xß(t + at) • xß(t) + xßAt . Similarly for yß(t + At) . Thus 

the new (xß , yß) position of the bomber is obtained. 

To find the new position of the fighter, equations (4.3.1-5) sub- 

scripted with F instead of B are valid. However, in order that the 

relative geometry be as exact as possible, the fighter*s coordinates are 

derived from the bomber's (see Figure 4,3-3); 

xF - xB + R cos (*F + BB) 

(4,3.1-6) 
yF - yB - R sin «.F + 0B) 

' ' Figure 4,3-2 and Figure 4.3-3 are quite different conceptually. Note 
the meaning of the hypotenuse in each case. 
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Ax (» - VBAt cos BB) 

(NOTEI BB < 0) 

Figure A,3-2 Establishing Inertlal Position of Bomber 
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It is then necessary to increment the velocity« Let a. be the acceler- 

ation of aircraft i at time t • Then 

V£(t + At) - V^t) + at Ät 

This completes the usual procedure for mathematically evaluating the 

motion of the aircraft« An alternative approach is sometimes used and 

is described below« 

4,3.2 Equations Close In 

If the two aircraft cross each other*s path at close range, the line 

of sight turns rapidly« The usual linear integration of the equations of 

motion font a bad approximation in this case; although for an listant the line 

of sight may turn at, say 1440* per second, this does not hold true for 

so long as the 1/4 second discrete jump of the simulation, but only for the 

instant of time the aircraft cross« The usual approximation would alter 

the line of sight by 

e(t + At) • e(t) + oAt •» e(t) + 360* • 

The aircraft in the model would perform a loop-the-loop. To avoid this 

problem the (x, y) coordinates are updated directly without using equations 

(4«3»1-1) through (4,3«1-4), Knowing the bomber's turning rate ß , an 

updated P is found, and x and y are found as before (equation 4«3«1-5)« 

Mow the relative variables are found from (see Figure 4«3-3) 

• v (xB-yp)
2 + <yr-yB)

2 

yB -*F 
tan(op + BF) - tan(cF *• eß) - ~—— 

xf - xB 
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This procedure is not used universally, as it is more important to be faithful 

to the relative geometry of the aircraft than the (x, y) coordinate system« 

A.4 Weapon Firing 

The procedure for the simulation then, is to select the acceleration 

(a) and turning rate (8) parameters (which are, to an extent, under the 

control of the pilot) and run these values through the equations of motion, 

and thus arrive at a new position« In order to consider the pilot's 

capability to set these a and ß values, and the related question of 

what the tactical doctrine is vhen a choice is available, it is necessary 

to sea what are desirable positions in combat« These are determined in part 

ty the weapon loading of the aircraft« 

A successful kill from the firing of any weapon is dependent on many 

conditions« Among them: 

1« Aircraft tracking ability 

2« Target position and maneuver 

3« Missile lock-on ability 

4« Fusing-aiming error 

5« Reliability of Missile 

6« Component Structure of Target 

The first three points are considered in the EM directly« Except for 

tall guns, a weapon will not be fired if the aircraft dees not track the 

target"' The tracking radar pattern of the aircraft is assumed to be a 

' ' Throughout the discussion, the tenns pursuer« t*rpet will be used to 
refer to either aircraft, as each considers the other the target« The 

) aubsw.-ipts P and T en variables will mean pursuer and target, 
respectively« 
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rone just as is the detection radar, with possibly a different range and 

angular coverage. So long as the target is inside this pattern it can 

bo tracked« 

! 4,4,1 Launch Envelopes 

A missile must be able to catch the target without .exceeding its 

maximum g capability, and without running out of power. If the target 

holds to a fixed turn at a constant speed, then it is possible to construct 

range-angle off contours describing the geometric limits for a successful 

launch. Referred to as envelopes, these contours are inputs to the model. 

An example of these weapon envelopes appears in Figure 4,4-1« The target 

moves at speed V , at a certain g loading, and is turning to the left. 

If the target turned to the left, the envelope would be replaced by its 

mirror image. Typically, as the target speed and g loading increases, the 

I        weapon envelope understandably shrinks, A pursuer inside the envelope, 

but outside the inner barrier, can fire and expect the missile to maintain 

course up to the target. The inner barrier exists usually because of g 

missile limitationst The missile must immediately at launch pull too hard. 

The irregular shape of the envelope results because different target aspects 

will require different maximum g loadings serae.fhere along the path of the 

missile. Also, the signal return from the target may be considered in 

forming the envelope. An IR controlled missile may, for example, not 

receive a signal off the nose of a subsonic target. 

Missile lock-on depends not only on range and angle-off, but en a , 

the tracking angle. All weapons except tail guns are assumed fired off the 

nose of the pursuer. Within an angle o^g off the nose, the missile may 

(        lock-on. Thus, the aircraft need not point directly at the target, only 

within c^jjg , 
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A.A,2 Lethality 

Points A, 5| and 6 are not treated directly In the model. Detailed 

consideration of these factors would place too much emphasis on the 

weaponry. In the DPMt howeve*4  they are treated In the sense of a degrada- 

tion factor on firings. Based on assumptions about the fusing and aiming 

errorsj a probability of coming sufficiently close to the target and 

detonating at the right time can be determined. In addition, a probability 

may be associated with the reliability. To take care of the component 

structure| the probability of hitting a vulnerable part of the target may 

be estimated. Combining these probabilities gives the probability of kill 

by the weapon, conditional, of course, en being fired within the geometric 

limitations described above. This probability of kill is an input to the DPM of 

ATAC-2. 

i ' A tacit assumption above is that regardless of where inside the launch 

envelope the weapon is fired, the fusing and aiming errors and the likelihood 

of hitting a vulnerable spot on the target, remain the same. This is tiot 

true in general« aiming will be better up close, and certain aspects of the 

target present greater vulnerable area. However, the kill probability 

(?K) is assumed not to vary enormously within the envelope region, particu- 

larly for missiles. But suppose a weapon*s PK does change sufficiently 

with position as to warrant special evaluation« The weapon then may bd split 

up into, say, two weapons each with a distinct PK , and with mutually 

exclusive launch envelopes (see Figure A.A-2). Missile number 1 has an 

inner barrier not defined by g limitations, but by the fact that missile 

number 2 (the same missile) may be fired in that region with a higher PK « 
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Figure 4,4-2 Handling Missiles with 
Varying Lethality 
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All of the above geometry describes when a missile can be fired. The 

model assumes a skillful pilot who will in fact try to fire whenever the 

geometric conditions are met. Further, the pilot will never fire otherwise, 

A pilot in reality will occasionally waste ammunition with a poor shot, but 

such concerns do not add to the evaluation of aircraft, weapons, and tactics 

for which ATAC-2 exists, (The input kill probabilities may include a 

degradation factor for this,) Nevertheless, the pilot is subject to some 

restrictions» which are contained in the model, discussed next, 

4.4.3 IFF 

First, IFF must be established. Within a certain range-angle pattern 

similar to the detection and tracking radar and optical sighting, an 

aircraft could be observed to be friendly (or return a signal so announcing). 

Obtaining IFF may well be required optically although radar equipment is 

available. Until the target is Inside the IFF pattern, no weapon may 

be fired. Once inside, though, the pilot can fire under suitable conditions 

after the enemy is no longer in the IFF pattern — presumably if the pilot 

can track the target he can tell the target is the previously identified 

foe. 

C 

4.4,4 Oxygen Debt 

Another pilot restriction, besides IFF, is his physical condition 

[Ref. 3], Fulling too heavy % g loading wears a pilot down, Blood leaves 

the brain, or is not resurplied. This causes oxygen depletion in the 

brain, which makes it harder for a pilot to make good decisions. An 

experienced pilot can control this oxygen drain, by muscle constriction In 

his abdominal region but he will eventually tire of this. Fatigue sets in« 

This phenomenon of incurring an oxygen debt is incorporated as follows: 
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Above a loading of A g's the oxygen debt: is incurred at a rate which 

) is a function of the g loading 

dO - tx(g)  dt  . 

where 0 Is the oxygen debt in the blood« As oxygen debt is incurred, 

the firing of weapons may be retarded« Below a loading of 1.5 g's the 

oxygen debt Is reduced at a constant rate 

dO • - f2 dt   • 

This oxygen debt rate is Integrated over time« When the oxygen debt 

reaches a certain level, the pilot is said to be sick or tired« Depending 

on inputs, the pilot may be required to fly at less than 1,5 g's until his 

oxygen debt Is cancelled« 

4»4«5 Firing Rate 

When all conditions for firing are met» the supply of weapons may 

be fired until exhausted» so long as the conditions remain satisfactory« 

Weapons of a given type are fired at 9  fixed rate, unless retarded by the 

oxygen debt, described In Section 4«4«4« 

4«4.6 Tail Guns 

If an aircraft Is equipped with tail guns, those must be created 

distinctly from other weapons« All other weapons are fired within a certain 

angle off the nose. The tall gun has associated with it an an?le o , 

similar to eu.,. of ther weapons, but the meaning of this angle is the 

maximum angle off the tail within which the guns may be fired. Mathematically, 
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tail gun firings must sati.-.iy 

*il 5 * - agM) 

Ordinarily! the tracking and detection radar cannot operate on a 

target in the rear, and thus tail guns in the model may be fired without the 

need of the usual requisite information on the target« Nevertheless, tail 

guns firings are governed by a weapon envelope like other weapons« The 

model essentially treats the tail gun* as if ft separate individual, isolated 

from the pilot, controlled them« 

4,5 Attacker's Course 

The weapon loading dictates some of the navir. ion policy« First of 

all| in attempting to convert on the opponent, comi& in from behind is 

manifestly desirable« Most weapor.s are fired easier £• oa behind! so that 

the aircraft can aim well and fire while the opponent :,vmot, Further, a 

position from the rear can be maintained longer, restating in more shots 

fired« Finally| if the target cannot see cut (-he rear, the aircraft may 

achieve a surprise attack« 

4.5.1 PEL Pursuit Course 

Figure 4.5-1 describes the method of coming from behind» The target 

is fixed. The policy is defined by the angle-off, • • When • • 0 the 

pursuer is directly behind the target, which will be an objective« When • 

is large (> 90*) the opponent is headed towards the aircraft« To counter 

this the pursuer points behind the target« This means o , the tracking 

angle of the pursuer is non-zero (a «= 0 is pointing at the target)« Such 

an a is called a las angle es opposed to lead (pointing in front)« As the 

angle-off decreases and the attacker arrives at firing position, it must point 
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Figure 4,5-1 Decrease in Lag as 
Pursuer Swings Behind Target 
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close enough at the target to fire (the aMlg condition of the weapons , 

described above in Section A.A.I)« Thus, the lag »ugle o should reduce 

as the angle-off t) reduces« Zn Figure 4.5-1, otj > cu >  a^ > o, » 

The equations are given below to describe this decreasing lag pursuit 

course| or DEL pursuit course for short« 

| o | - K(4 - •*) + X t if • > •*   , 

I « ! • A f if • < •*   f 

where K in scaling factor« A full discussion of the DEL pursuit course 

is given in Appendix C« 

The equations say that as the pursuer swings behind the target, the 

lag angle o should decrease, until the angle-off t) is less than •* « 

( ..      The lag angle remains constant (X) from then on in« If X • 0 , then 

within •* the course is pure pursuit« If X ** 0 , the course within •>* 

is called constant lag pursuit« The term "pursuit" in subsequent discussion 

will refer to the general course described by equation (A«5-1)« 

The angle •* can be Interpreted as a cone at which maximum g's will 

be pulled on a pure pursuit course by a constant speed attacker« The idea 

here is that If the attacker can cross this barrier, a pure pursuit is 

possible from there on in« This rests on the assumption that the target 

proceeds to fly at constant speed and direction« Actually the target will 

probably maneuver (both in reality and in the model) and the pursuer may 

be unable to maintain pursuit« Section C«A shows that *>* may be described 

by 

L COi •* " HJ* 
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If the pursuer flies at least twice as fast as the target, then $* - 0° , 

If pure pursuit is intended eventually (X • 0 in equation (4,5-1)) and 

if the pursuer first attacks the target from in front» the pursuer will 

point behind the target until it is directly behind, and only then will fly 

pure pursuit« If V. < 2 V- , then the DEL course degenerates to pure 

pursuit before the pursuer swings entirely around behind the target« If 

when the attack begins, the pursuer is sufficiently behind the target to 

want to be on pure pursuit, then, of course, it adjusts to pure pursuit 

as fast as it can« 

( ) 

ü 

Both aircraft will normally attempt to perform the same sort of 

maneuver« The aircraft with the best performance  aracteristics will 

presumably be the one to get on the tall of the other« 

4«5«2 Preferred Firing Positions (R*) and Closing Speed Doctrine 

When an aircraft is on pursuit, the turning rate B is determined by 

the equations for a (Equation 4.3,1-3)), Speed, however, can vary also. 

If directl. behind the target's tall, but far to the rear, then clearly 

the pureuer must go faster than the target; otherwise it never catches up. 

On the other hand, it must not go too fast or It may find itself so close 

to the target that even if it decelerates as hard as possible it must pull 

away, to avoid colliding or passing the target. Ideally, as it closes in, 

it will shoot its longer range air-to-air missiles If it has any, This 

firing will occur at a certain desired range (initially set as R*) if the 

pursuer has maintained the surprise element. If the target survives these 

weapons, the pursuer will close to an ideal range (resetting R*) for its 

shortest range weapons (presumably guns). At that point it should move at 

nearly the target »peed for maximum length contact« Since the pursuer 
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should move In as quickly as possible in order to allow minimum time 

for tarnet maneuver» the doctrine says that while on pursuit an aircraft 

continuously speeds up until the point where maximum slow down will place 

the pursuer just at R* when flying at the target speed« 

A«6 Turning Rate (6) and Acceleration (a) Tactics 

In Section '«6 the subscript "1" to represent the aircraft» Is 

suppressed« 

4,6,1 Doctrine's Desired 0 and^a 

The doctrine of desirable turning rate and and acceleration ii now 

stated« presuming the aircraft can see the target« , Assuming unlimited 

turning capability we formulate, first» the turning rate, and second» 

at what point to switch from acceleration to deceleration« The restriction 

of limited turning rate is later applied (in 4,6.2,2)« 

4,6,1,1 Turning Rate 

It is evident from equation (4,3,1-3) that by turning exactly as fast 

as the line of sight (ß - 6) the aircraft holds its tracking angle a 

constant« If» on the other hand» a new a (- n) is desired to maintain the 

DEL pursuit course during the pulse, then the necessary turning rate: is 

At At 

After exercising the equations of motion with this 8 the tracking angle 

equals n , The lateral g loading g  associated with this 6 is 

VB 

•l ' 32.2 
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from the standard equations for centrifugal acceleration. The total g 

loading, g, t  including that due to the downward gravitational force is 

•«<»> "  hfe)2]1-'2   (A-6-1) 

The Inverse function, evaluating a turning rate for a given g loading (g ) 

is often U8edi 

^  (S*-!)    .    (A.6-2) 
1/2 

• 

The last two equations show that for a fixed velocity, a turning rate 

specifies the g*s pulled, end vice versa. The model concerns itself 

primarily with tactics which capitalise on the turning rate rather than 

g's. This is not arbitrary. It gives rise to better tactics. 

Appendix D discusses this point« 

i 

4.6.1.2 Criterion for Acceleration 

The basic acceleration doctrine is to accelerate as much as possible 

until it is imperative to slow down. To define the point where deceleration 

is necessary, suppose It will eventually be desirable to fly at a speed 

V* • Let a pursuer travel at speed Vp and continuously decelerate 

at a constant rate aD£C (a negative quantity) to V* . Let the target 

travel at a constant speed V. . Define a function S(V') which is an 

estimate of the distance the pursuer closes in on the target by the tine the 

pursuer*s speed equals V* —an estimate only, since it assumes linear 

flight by both aircraft. The time it takes to decelerate is 
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c " *DEC 

The average rate of change la 

Vp + V 
-   VT cot + 

the average speed of the pursuer less the projection of the target velocity 

•m  the line of sight (see Figure A,6-1), Thus» 

v» - v*   /v» + V1 

cv) - •*•— H~— 
" ftDEC      \      2 

VT cos 4 
(Vp - V;)(Vp + V1 - 2VT cos •) 

-2a DEC 

(4.6-3) 

c 

This function guides the pursuer in determining whether it must slow down« 

4.6.2 Limitations on Maneuvers 

Acceleration is not unlimited. At any g loading there is a minimum 

speed to avoid stalling and a maximum speed either due to power limitations 

or overheating. Further» at any g loading and speed» the power (throttle) 

setting limits the acceleration of the aircraft. The turning rate is also 

limited. Moreover» acceleration end turning rate are interrelated. 

4.6.2.1 Specific Power, Ps 

The limitations are described in the Specific Power function for the 

given power setting. At high g and high speed, the function may be negative, 

meaning the aircraft can only blow down. If it is to go faster it must 

reduce its turning rate. The Specific Power 'function is of the form: 

PS * PS<V» *2> 

- 39 - 
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Figure 4,6*1 Geometric Description 
of S(V') 
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See Figure 4,6-2 for an example (although artificial). If P§ < V , it 

A      is equal to the maximum rate of climb at velocity V , g loading g, , 

Appendix E discusses in detail this function. Multiplying by 32,2/V gives, 

for acceleration in a horizontal planet 

L 

, . ÜA  PS(V , g2)  . 

• 

The aircraft can accelerate up to this amount« It can control its speed 

by increasing drag« allowing it to alow down as much as by a constant rate 

Opgg {if a is smaller (more negative) than a0EC , however, it must slow 

down by a • The simplifying assumption of the model is that the throttle 

setting is not changed during the engagement; this one function P„(V 9 g») 

describes the entire turning and acceleration capability of the aircraft« 

4,6,2,2 General Rule for Handling Pg Limitations 

The restriction on acceleration and turning rate may prevent the 

aircraft from speeding up. For example, if P„ is negative the aircraft 

cannot turn consistent with pursuit and simultaneously speed up« To see 

what an aircraft might do, consider that it is generally undesirable to 

fly at a speed that is not maintainable» which could happen when excessive 

g's are pulled. Define g(V) , such that 

PS(V , g(V)) - 0 

• 
Then S(-(V)) as given by equation (4,6-2), is the maximum turning rate 

at which the speed V can be maintained. For example, from Figure 4,6-2, 

at 1,000 ft.'sec, g(V) & 6,2 • With certain exceptions noted later, the 

doctrine is to turn at a rate no more than i(g (V)) , When on pursuit, 

this »cans that the aircraft will occasionally stray from the doctrine DEL . 
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pursuit course rather than be forced to lose spe^-J, when speed loss is 

also undesirable, 

4,6.2*3 Other Limitations 

Sometimes g(V) is unattainable« There is an upper limit to the 

pilot's ability to withstand the g's« In addition» when the pilot Is 

deemed "sick" from too high a g loading» he is required to fly fairly 

straight (< 1.5g) for some time to recuperate. Further» there are structural 

and aerodynamic limitations on the aircraft» and too many g's can pull the 

aircraft apart« These structural limitations on g's «re a function of velocity» 

described by G(V) « This function is described by the dotted line in 

Figure 4.6*2. It Is a.i Implicit description» for to find G(V) for a 

given V one taust locate where the function lies relative to the various 

g levels« If G(V) is less than g(V) , of course» the aircraft is 

i' limited by G(V) • For example» from Figure 4,6-2, the aircraft cannot 

turn at the rate B(g(V)) until the speed is greater than 950 ft/sec« 

This does not mean it necessarily must accelerate, since it can Increase drag; 

only that, say, at 750 ft/sec it cannot pull more than 6 g's« 

On the other hand, the aircraft may be unable to maintain speed even 

while flying straight and level (presumably this state of affairs came 

about from some other power setting or a change of altitude)• The model 

requires that the aircraft never begin an encounter from such high speeds, 

to avoid this problems 

As noted from equation (4,6-2) for a given velocity, pulling a certain 

number of g's implies s certain turning rate, $ • The tactics relate 

directly to 0 , and thus the specific poorer is used in the model as the 

c 
- 43 - 
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function P(V , 3) rather than the function P(V , g) , 

9      *«7 Details of Tactics 

In Section 4.7, the subscript "1" to represent the aircraft, is 

suppressed. 

4.7.1 Pursuit Doctrine 

Assume now the pursuer has the target on its detection radar. This 

is considered sufficient for the pursuer to know the entire geometry of 

the situation« Suppose further that the necessary turning rate $ is 

less than 0{g (V)) , i.e., the aircraft need not slow down in order to 

turn at the required rate. (The single exception (Case 1) will be noted 

below.) We now construct the details of the pursuit doctrine. 

U 
To determine the appropriate acceleration, a multitude of special 

cases arise. First, let the pursuer attack from ahead of the target 

($ > 90* ), Then eventually it will swing behind tbo target. Around 

crossover turning will be tight, so that the desired velocity is V* , 

the velocity at which it can turn the best (6 is maximal for a sustained 

period). For most aircraft such an optimal velocity exlstSc Then, if the 

pursuer manages to turn behind the target, the desired speed will event- 

ually be adjusted to the target's as the angle-off goes to zero. 

If the pursuer is In front and flying faster than V* , it may not yet 

be necessary to decelerate. The attacker still wants to cone in es fast as 

possible and slow down only when necessary. The function S(V') , defined 

in equation (4.6-3), offers a criterion; if S(V*) is greater than the 

range, this means that the aircraft will be going faster than its best 

turning speed when close to the target (Case 6 of Figure 4,7-1) and thus 
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FOOTNOTES TO FIGURE A,7-1. 

^7 The cases are more finely broken down- here than in the text» With 

one exception the conditions and doctrines are nonetheless the same, 

i.e», 13a and 13b both correspond to the discussion of 13. The 

exception ie öase lb2, which results in a distinct doctrine from 

the rest of case 1; see Section 5.5.3,. 

L 

(2) 

(3) 

(4) 

If the doctrine acceleration or turning rate is outside the limits 

of these columns, then the limit is used» 

On non-pursuit tha sign of B is not given» The sign gives the 

direction of turn (left or right). This is determined by additional 

considerations; see Section 4.7,5, 

The acceleration a is first evaluated from case Ibl and then 

£ this velocity criterion Is checked» 

*5>  The value of g(V) is set to G(V) if g(V) - G(V) • 

'"'  The symbol a(Pg) means the acceleration associated vith the 

specific power function at the present speed and turning rate, 

see Section 4,6,2,1. 

(7) 

(8) 

While a <  a(?g) is a universal restriction on acceleration! it must 

be specially checked here» Since ß is restricted here by C(V) 

rather than g(V) t 
a(pe) mav De negative. 

The symbol 3y or Jy means that a steady state speed y* does or 

does not exist, respectively. See Section A,7,1,1. 
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(9) 

(10) 

Even if a steady state speed exists, the aircraft may not be able 

to turn as rapidly as the target at this speed. 

The index 1 is suppressed in this table, but the opponent is 

indexed by J • 
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i 

* 

It must slow down. If the range R > S(V*)  (Case 5) It has time to speed 
— 

A      up« Note that if V < V* than S(V*) is negative and the aircraft will 

naturally speed up« 

When behind the target, the target speed» as noted, Is relevant* 

However, only the projection of the target speed on the line of sight Is 

appropriate; If the pursuer Is not directly off the tail of the target, 

then It will overshoot if it flies as fast as the target» Ideally, when 

R - R* , the range rate of change„ R , is zero. From equation (A.3.1-1) 

Define 

V_ cos Op • V cos $  , when R - 0    • 

V_ cos $ 
V  - •... . • • £• 
o 

cos a 

If the pursuer flies at speed V , R will be zero. If V > V  and 

R < R* + S(V )  (Case 1), then overshoot will result and the aircraft must 

glow down. If V > V  and R > R* + S(V )  (Case 2). then there Is time 
o o 

to speed up. The former case, overshoot, forms an exception to the rule 

of never exceeding g(V) , With the danger of approaching the target too 

fast, the pursuer need not worry about maintaining speed, and instead will 

turn as hard ac necessary to keep up with the target. 

If V < V  and R > R* (Case 3), then clearly positive acceleration 

is indicated, Just to get to R* , The final case of pursuit, V < V , 

R <  R* (Case A), is more complicated. Here the pursuer has essentially 

attained its advantageous position, and *nust secV. to preserve it. The 

( target is going to maneuver also, 
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4*7.1,1 Steady State 

Suppose the target cannot maintain a turn as tight as can the pursuer. 

Then the pursuer can arrive at a "steady state," in which so long as the 

target stays on a circular path, the pursuer can fly at some slower speed 

in a tighter circle, continually behind the target on pure pursuit« If 

tha target flies straight» then the steady state is quickly achieved once 

the angle-off is zero, and the pursuer simply adjusts its speed to equal 

the target's« If the target is turning, the steady states speed y* must 

be evaluated (see Figure 4*7-2)« 

For steady state the pursuer must turn at the target's turning rate 

8 , From the geometric construction 

R2 - R*2 + R2  t  and 

V2 

VT - h lT     or  R2 - -g       . 
*T 

Combining, V2 «• 02 R*2 + 12 R2 , But $T R2 is the desired velocity 

y* , so 

7* - ^V2 - (R* ßT)
2 «    (4,7-2) 

The derivation assumes the target holds its turning rate constant» If the 

target changes course, y* vill change. Appendix F elaborates on the 

steady 6täte requirements« 
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Figure A,7-2 Steady State Geometry 
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If the aircraft can obtain this steady state (Cases 4a, Ab), then 

it should accelerate or decelerate to y* • But steady state may be 

impossible (4c, Ad, Ae) either because the pursuer cannot turn as fast 

as the target, or because the ideal firing range R* is too large« From 

Figure A,7-2 if R* > R« then the aircraft cannot fly inside the target 

circle« In such cases, the aircraft should not fly faster than the best 

turning speed V* , If it is flying faster than this, it decelerates (to 

improve its turning rate). If slower, it accelerates to V* if the tarpet 

can outmaneuver it at the present, speed (Bj > B(g(V))) • Otherwise It 

keeps the speed constant« This last is noteworthy. If the pursuer in this 

case tries to speed up to V* , it vill spiral outwards away from the target« 

4«7«2 Kon-Pursuit Doctrine with Good Information 

•   So much for pursuit« Now suppose the aircraft obtains its target on 

the radar screen (or sees it visually), but is not yet on the pursuit 

course, or. because of the doctrine limitations on turning. (g(V)) or 

structural limitations,  (G(V)) it cannot hold the pursuit« In such cases 

the aircraft will still find Itself in one of the cases (1, 2, 3, A, 5, 6) 

described above« It flies at the maximum g's allowable for the given case, 

until, hopefully, it arrives at pursuit« 

However, if the sarca rules for naxlmum g's were used as are used on 

pursuit, a problem would arise. If positive acceleration is the doctrine 

of the given case, and the doctrine g loading were g(V) , then the aircraft 

would fly at a constant speed in a circle. Except in Case A, in which the 

aircraft is in a controlling position, the target would likely get away, 

quite possibly to turn against the pursuer. Clearly a reduction in turning 
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is often necessary so that the aircraft can speed up. But the amount of 

reduction is uncertain; the rule developed is as follows: 

1, If V > V* , then hold the constant circle at ß(g(V)) and 

do not accelerate« It is likely that the reduction of the 

ability to turn will prove too costly« 

2. If V < V* , then hold the turn to 6 - 2- (8(g(V))) . (A.7.2-1) 

This will allow acceleration up to V* . 

4.7,3 Tactics with Poor Information 

An aircraft may not have good information on the opponent. The bomber, 

for example, at the beginning of the engagement may not even be sure that 

there is an opponent, depending on the geometry at detection (Case 0), 

If the fighter comes in from the rear, the bomber*s radar may never pick it 

up. The bomber then could continue to fly straight while the oppon^ c 

start8 firing« This condition is alleviated in two ways. 

First, the ir^ael allows that once an opponent fires, the aircraft 

will become aware that an engagement is taking place, and, with little 

subtlety, will obtain IFF« 

4.7«A Passive Information 

Also, an aircraft may or may not have a passive radar receiver. This 

receiver has a pattern of reception over a circular sector, like the 

detection radar, but the pattern is off the tail rather than the nose 

(see Figure A,7-3). 

1) For this reason the r.odel further allows the fighter not to fire as soon 
as possible on an unaware target. The fighter nay wai»-. until the ran^e 
initially set to Pv* is reached so as to gain a better position before 
the target maneuvers. 
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- 56 - 



A passive receiver could pick up many insignificant signals, including 

periodic blips of the detection radars of possibly numerous ocher aircraft. 

An aircraft cannot react to every signal« The tracking radar, however, 

has a i>\uch higher scanning rate than a detection radar, and the model 

assumes that an unaware bomber becomes aware through its passive device only 

when the opponent's tracking radar is illuminating it. 

To the fighter then, it is to his advantage not to turn on the tracking 

radar until necessary. The model reflects this with these optionsi 

1, The fighter turns the cracking radar on for a moment only when 

firing a weapon. This is an idealized situation, to avoid 

considerations of time estimates and time of flight, 

2, The fighter turns the tracking radar on shortly (a fixed time 

length i) before it estimates it will begin firing, and then 

the radar is left on, 

3, The fighter turns the tracking radar on as soon as detection 

occurs• 

The passive radar in itself will not locate the opponent. However, 

the aircraft ran be equipped with two such receivers so as to identify 

the side from which the opponent approaches, 

A,7•5 lack of Active Information 

It is also possible that an aircraft was on pursuit but eventually 

lost the opponent on the detection radar. The standard doctrine is used: 

Turn into the opponent if possible (Rule 1), With no information it is 

assumed that a turn in the sane direction as when information was available 
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(Rule 2) is most likely to be a turn into the opponent. If a non-directional 

passive radar receiver is the only source of information, the doctrine is to 

turn left (Rule 3), If a weapon firing alerts the bomberv the bomber turns 

right (Rule 4), The last two of these four rules are, of course, arbitrary. 

The first rule is natural; a turn in, rather than away, is generally safer, 

as the opponent has to turn harder. 

The last two rules cause different results, depending from which side 

the opponent comes. Thus, to investigate the situation fully, the simulation 

is run for both cases (i.e., the model initializes the engagement both at 

e and at - e). 

Acceleration rules for these "blind turn" cases are based on the 

assumption that the best defensive speed trill be V* t the speed for best 

sustained turning rate. If going faster than V* (Cases 7, 9), decelerate 

and turn as. hard as possible (up to G(V)), This is the other exception 

to the g(V) rule. If V < v.* (Cases 8, 10), then the convention of 

3 - £(g(V)) S- applies, (equation 4.7.2-1), 

4,7,6 Evasion 

The underlying assumption on all doctrine up to now has been that an 

aircraft intends to destroy the enemy aircraft, or at least that the best 

defensive measure is to stay with the approaching aircraft and possibly 

convert on it. The model also allows the aircraft the option of attempting 

to leave the scene of combat either entirely or temporarily, II» decision 

to attack or evade is based on the information (active, passive, and optical) 
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available, ' If the aircraft knows it is behind the opponent it may turn 

away from the opponent, accelerate to maximum speed9  and fly straight out. 

Otherwise, turning will probably prolong the engagement; so instead, it 

will immediately accelerate to maximum speed and fly straight. The precise 

formulation ist Suppose $ < 90* and the detection radar or optical 

system can find the opponent. If V > V* (Case 11), then maintain speed and 

fly at 0(g(V)) . If V < V* (Case 12), then increase speed and fly at 

•C.CV» £ . 

For all other conditions (Case 13) 6*0 — fly straight and 

accelerate to maximum velocity. 

This concludes the discussion of acceleration and turning doctrine, 

summarized in Figure 4.7-1. Many of the rules are subjective and could 

be modified in the future. 

' For example, the rule might be that with no information on the opponent, 
or with passive only, evade, but otherwise attack. When totally lost 
but nevertheless having established IFF, the model allows a choice of 
evasion depending on which aircraft can turn better; the aircraft 
did have information about the opponent previously, and it is assumed it 
could, at the time, size up the opponent aircraft this well. 
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SECTION 5 

ENGAGEMENT MODEL 
FLOW CHART DISCUSSION 

5»1 Introduction 

The model described in Section 4 is laid out in a flow chart form in 

Vclume III« When modifying a model to satisfy computer needs many details 

arise that previously could be Ignored« A prominent one is the measurement 

of angles« In Section 4, the angles 0% 360°, or 720° are equivalent 

trigonoraetrically, and therefore, the differences are irrelevant« In the 

computer program it is important to limit the angles« If an angle is 

supposed to be between - 5° and 5°, then it would be a nuisance to check. 

(- 5°, 5*)f (355°. 36^*), etc« Similarly, if a derivation required only 

cosine, then 6 and - 6 are equivalent and the distinction is ignored« 

For computational purposes, however, some consistent rules are needed for 

angle definition. The first six diagrams of this section d fine the 

necessary angles. Figure 5«2-2 is repeated from Figure 4,3-1, 

Other details arising in the flow chart include taking care of 

singular cases ignored in the model development• and giving precise 

formulation to certain concepts described in the model development« 

Finally, devices are used to speed up computer time. 

This discussion will aid a reader already acquainted with the 

conceptual model in following the flow charts. It is to be read in 

conjunction with the flow charts« All symbols used are listed in 

Section 7,3, 
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5,2 Cencrcl Conventions 

5,2,1 Diagrams of Angles 

These diagrams are for reference while reading the flow charts« To 

describe angles« it is first necessary to define conventions on the line 

of sight. Figure 5.2-1, 

( 

Figure 5.2-1 Line of Sight (LOS) Segments 

• Figure 5.2-2 shows the following angles: 

a i measured from the inner LOS to, the velocity heading of 
aircraft i . 

•. j measured from the outer LOS tu the velocity heading of 
aircraft j . J being the other aircraft, 

B± I measured fron the velocity heading of aircraft i to ^ 
the positive x-axls (translated to head of the vector V.), 

There is a relationship between a  and $. |   | ou | • t - | $4 ! 

o > 0 : j is positioned to the right of 1 • 

• > 0 : 1 is positioned to the left of j . 

&,  <  0 : i is turning counterclockwise« 

All angles are measured counterclockwise and in the interval [-it  , *), 
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IKERTIAL REFERENCE LINE (IRL) 

(Positive Direction 
for Angles is Counter- 
clockwise) 

\ 

Figure 5.2-2 Defining Relative Positions 
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• Figure 5,2-3 describes the angle $ . 

Arc tan ts) 

h m 
ß , if dx < 0 

3 - (sgn 0) ir , if dx > 0   , 

• Figure 5.2-4 shows various sensor angles. It should be noted that 

the magnitude of the angles need not follow in the order shown, e.g., 

aIFF(i) could be greater than <*XRK(*) • 

< 

• Figure 5.2-5 shows the meaning of the input angles in the weapon 

envelopes or firing tables. If the target aircraft is turning, or if 

the vulnerability of the target is not identical on each side, then it 

is essential to know which side of the aircraft an input refers to. 

• Finally, Figure 5.2-6 describes the GRID coordinate system for 

initializing engagements, Kote that the angle c is measured fron 

*F Ä VB . 
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Figure 5,2-3 Orientation of ß. with Respect 

to the Inertial Coordinate System 
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Figure 5,2-4 Aircraft Sensor Half-Angles 
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Figure 5,2-5 Orientation of o for 
Firing Tables  b. 
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Figure 5.2-6 Definition of Angles in the GRID 
(X, Y) Coordinate System 
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5,2.2 Flow Chart Conventions, 

0 Flow charts have been provided in Volume III, Section 8 to support the 

descriptions of the various programs which comprise ATAC-2, The conventions 

and symbols used in these flow charts are presented below« 

Rectangles of any size indicate a processing 
function; usually refer to evaluating a variable 
by some mathematical expression but also used to 
refer to a collection of processing functions as 
represented by a routine or subroutine« 

Hexagonal figures of any size indicate a decision 
function involving a question; a program branches to 
an appropriate instruction depending upon the answer 
to the question« The symbol always implies a question 
although a question mark is never included« For 
exiuple, this symbol used to enclose the statement 
ß, • 0 means "Is ii    equal to zero?" 

ü START Indicates the point at which a program« routine or 
subroutine begins« 

RETURN 
Used at a point in a routine to indicate that when 
this point is reached program control is to be 
returned to the program which executed (called) the 
routine or subroutine« 

^> Indicates the flow of processing« 

ßi - Bi + ß£ At 
FORTRAN instead of mathematical statements are used 
throughout« For example, the statement on the left 
.is in FORTRAN and indicates that the new value of 8. 
is obtained by adding BJ  At to the old value of B] 

0 
•V-i> 

Used to indicate the flow of processing by a discon- 
nected line when a continuous line would involve 
cross-overs of other lines of flow; flow to a circle 
at the head of an arrow is resumed at the circle 
at the tail of an arrow containing the same number 
as the first circle« 
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5,3 The EXECUTIVE Routine - EM 

The EXECUTIVE Routine - EM (see Volume III, page 24) essentially 

controls the execution of the main routines of the ENGAGEMENT Model, 

It initializes the values of certain parameters and calls programs in 

their proper sequence. Specifically, the EXECUTIVE Routine performs 

the following functions} 

(1) calls the INPUT Routine, 

(2) determines the first value of c , the initial crossing 
angle of the aircraft to be used, 

(3) determines the active detection capability of the fighter, 

(4) calls the GRID PREPARATION and COMBAT programs, and 

(5) increments the value of c • 

The INPUT Routine is executed first. It reads the values of the 

input variables into computer storage and performs other functions such 

as converting angles input in degrees to radians, 

jThe active detection capability of the fighter which is used to 

establish the point at which the fighter initially detects the bomber is 

determined by the EXECUTIVE Routine - EM, The variables r (range) and 

p (the half-angle) define this capability. These variables are assigned 

the values of the corresponding parameters of a fighter*s detection radar 

equipment if it has such equipment, otherwise of its optical capability« 

Usually if a fighter has both radar and a visual capability, the radar 

range will be greater th?n the visual rar.ge. If the angular coverage of 

the visual capability exceeds that of the radar, the procedure discussed 

above will ignore the extra visual coverage. It is believed, however, that 

this procedure for most cases of interest should not matcri^'ly distort the 
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distribution of points at which initial detection can occur. It should 

be noted that the full optical capability specified in the Inputs is used 

in all other operations of the model« 

In some cases it may be desirable to reduce the detection range in 

the search pha*e. An input rin allows for this. After initial detec- 

tion, Rpg*. and R0pT are used, irrespective of rin • 

The EXECUTIVE Routine - EM selects the values of e to be used for 

a given run of the ENGAGEMENT Model« A run can be made for one value or 

a set of values of e « If only one value is to be considered the operator 

must set Ac to a value greater than 180° and assign e the value desired* 

EXECUTIVE will then execute the ENGAGEMENT Model for this value of c only, 

If Ac is assigned a value less than 180°, EXECUTIVE will generate the set 

of values to be used for c « Two cases involving three conditions of 

each aircraft can arise in this situation« The fighter or bomber may have 

(1) no passive detection capability, 

(2) passive detection capability with side discrimination, or 

(3) passive detection capability without side discrimination. 

Under condition (1) an aircraft will follow a linear flight path until 

fired upon or until the enemy aircraft is actively detectedp and then will 

attempt to turn into the enemy. Under condition (2), an aircraft will 

turn into the enemy aircraft when passive or active detection information 

is received« Under condition (3) B ar. aircraft will execute a tactical 

doctrine turn to the left when passively detecting the enemy aircraft 

regardless of the side from which an enemy is approaching. The first case 

arises if any combination of only conditions (1) and (2) apply to the 
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fighter and bomber. The second case arises if condition (3) applies to 

either the fighter or the bomber. In the first case, all outcomes of a 

simulation will be symmetric with respect to c ; that is, the same out- 

comes will occur for e in the interval [- 180e, 0] as the ^ntervaJ 

[0, 180°]. ' Therefore, EXECUTIVE generates a set of e*s only in the 

interval [0, 180*] in the first ease, in order to eliminate unnecessary 

simulations. In the second case, outcomes will not be symmetric with 

respect to c , so EXECUTIVE generates a set of e*s  in the interval 

[- 180°, 180*1. 

After the above functions of the EXECUTIVE routine have been 

performed the major loop of this routine is entered. This is the loop 

in which c is incremented. For each value of e the GRID PREPARATION 

and COMBAT routines are executed once. However, within the COMBAT 

rcutine, for each value of c , there will be N engagements run 

coiresponding to the N grid-points, (see discussion of GRID PREPARATION, 

Section 5.4 and GRID, Section 5.5.1). Finally, when e reaches a value 

greater than IT the program stops ending a completed set of simulated 

engagements. 

5.4 The GRID PREPARATION Routine 

All simulated engagements in ATAC-2 are initiated at a tine when the 

bomber first enters the fighter's active (radar or optical) detection 

pattern. For each e , the initial angle between velocity vectors of the 

' In the particular instance that the bomber is first alerted by being 
fired on, asymmetric results occur, since it will make a doctrine 
right turn. But this instance was not deemed of sufficient moment 
to be treated as Case 2. 
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two aircraft, GRID PREPARATION (see Volume III, page 25) in conjunction 

with the GRID routine of the COMBAT program generates N equally likely 

points along the perimeter of the fighter's active detection pattern at 

which detection could occur* 

The fighter's active detection pattern is taken to be a sector of 

a circle« The bomber's path will intersect this pattern along the relative 

velocity vector defined by c and the velocities of the two aircraft. 

Intersection can occur along the arc or radial portions of the detection 

pattern« The procedure employed here essentially determines the points 

at which N equally spaced paths parallel to the relative velocity 

vector, V* , will first intersect the fighter's active detection pattern« 

These points of intersection are referred to as grid-points. 

Proceeding from one side of a detection pattern to the other, the 

N paths can intersect the pattern in many different sequences of arc and 

radial segments depending upon the included angle of the circular sector 

and its orientation with respect to the relative velocity vector« For 

example, consider the case illustrated in Figure 5.4-1. The N relative 

bomber's paths can intersect the fighter's active detection pattern in the 

arc v\ax to C," in the radial segment "C to F," in the radial segment 

"F to B," and in the arc "B to Ymin." (The point B has no relation to the 

bomber location.) A rectangular coordinate system (X, Y) has been defined 

in which computations are performed to locate the N points of intersection. 

The origin of this system is the fighter and the X-axis is parallel to V* 

•»  i) 
with its positive sense opposite the direction of V* .   The points 

' The (X, Y) system used here should not be confused with the ir.ertial 
coordinate system (x, y) used elsewhere in A1AC-2. 
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Figure 5,4-1 Logical Basis for GRID PREPARATION 
And GRID Routines 

- 73 - 



(0, *„£>! C t F (0,0), B and (0, Ymln) showa in Figure 5,4-1 represent 

the end points of different segments along the perimeter of the fighter's 

detection pattern in which initial detection can occur* Different equations 

are used to locate initial detection points within these segments. The 

quantities Yc , 0 , and Y~ are employed as control parameters to select 

the proper equation for locating each of the N initial detection points, 

GRID PREPARATION establishes the values of these quantities, the value of 

Y  uf.ed by GRID to determine the initial grid-point and the value of the 

decrementing interval AY « It is executed once for each value of t % 
8 

The GRID Routine uses these values to generate one of the N grid- 

points each time it is executed. 

In the system devised for locating grid-points, 22 cases arise which 

require individual treatment. The 22 cases are presented pictorially in 

Figure 5.4-2, The ordered pair of numbers appearing in each cell of this 

figure refers to the quadrants (defined in the conventional manner) in 

which the points B and C , respectively, are positioned. The logic of 

the GRID PREPARATION Routine is designed to identify the case which applies 

to a particular set of conditions and then to set the control parameters 

so that GRID can properly locate each grid point. The case shown in 

Figure 5.4-1 is the case upon which this logic is based.   In other words, 

the logic assumes that as Yä is decremented from Y...,., to Y .., detection ° g max     min 

*' The use of this case as the logical basis for the GRID PREPARATION 
and GRID Routines is not intended to imply that this is the most 
typical case. On the contrary, it probably is an unusual case 
because it involves the condition V0(B) > V (F) • It was chosen 
as the logical basis because it represent.«; the extreme condition 
in which grid-points can be located alons four scjvaents on the 
perimeter of the fighter's active detection pattern, 
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Figure 5.4-2 CRID PREPARATION Cases - Possible 
Orientations of Fighter's Active • 
Detection Pattern in X, Y System 
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occurs first along the arc "Y^ax t0 ct" then  along the radial segment 

"C to F," then the radial segment "F to B" and finally along the arc 

"B to Yiain." Not all of the program branches corresponding to these 

segiacnts apply to all cases, GRID PREPARATION, therefore, sets the values 

of the control parameters so that the branches are appropriately suppressed 

or executed for each particular case. 

A more formal treatment of the development of the GRID PREPARATION 

routine follows« Consider the rectangular coordinate system (X, Y) 

defined before to have as its origin the position of the fighter and its 

X-axis parallel to the relative velocity vector V* with positive sense 

opposing the direction of V* • This coordinate system is shown in Figure 

«• 
5.2-6, The vector diagram included in this figure indicates that V* 

is defined with the fighter as the fixed aircraft. Applying the law of 

cosines to this vector diagram, yields the following expression for the 

magnitude of V* : 

V* - [v0(F)
2 + V0(B)

2 - 2V0(F) Vo(B) (cos e)], 
1/2 

where VQ(F) and VQ(B) are the initial velocities of the fighter and 

bomber, respectively. V* will be non-zero except for the case in which 

V0(F) • V0(B) and e - 0 . In this case, the X-axis is taken to be 

parallel to, and has positive sense the sane as, the direction of V (F) , 

Define a line segment Y* as the normal projection of the fighter's 

active detecticn pattern onto the normal to V* , that is, onto the Y-axis. 

Assume the position of the bonber is uniformly distributed in a space 

traveling parallel to V« • The fighter roves through this space with a 
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velocity - V* • The fighter will detect the bomber if and only if the 

area swept out by the segment Y* includes the position of the bomber« 

Given detection, the original uniform distribution of the bomber's position 

generates a uniform distribution of detection points along Y* • Grid- 

points are selected according to this distribution of the bomber along Y* , 

This is done by considering N . Intervals of length AY • Y*/N along the 
a* 

segment Y* and placing the bomber's initial position on the fighter's 

active detection perimeter so that V* bisects each of the N intervals« 

The fighter's active detection capability is uniquely defined by p , 

the half-angle of coverage measured from the fighter's nose, and a range 

r • '    Thus, the fighter's active detection pattern la a sector of a circle 

of radius r and included angle 2p . We define u to be the angle between 

the positive X-axis and V (F) , and the angles e„ and ec to be the 

angles between the positive X-axis and the two radial extremities of the 

fighter'6 active detection pattern« These three angles are measured positive 

in the counterclockwise direction from the positive X-axis« From the 

construction given in Figure 5.4-3, 

VF> 

Figure 5,4-3 Determination of u 

1) See Section 5,3, the EXECUTIVE Routine, for a more complete definition 
of p and r , 
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it can be observed 

m  V0(F) - V0(B) cos t 
V • Arc cos 

(: V* 

In the event that V* is zero» e is set equal to 0« The Arc cosine 

function for the computer system utilized yields a value of u in the 

range [0, ir). However, it is necessary to recognize negative as veil as 

positive values of |i • It happens that u always has the sane sign as 

e vhose range is (- tf9  »]• Thus, the above expression is used to obtain 

the proper absolute value for p and the sign of c is tested to obtain 

the proper 6ign for u • 

The definitions of 6« and G« are 

and 

8B « u + p 

ec - u - P • 

where p is always positive. 

Expressions can now be developed for the control parameters YR and 

Y« • Initially define Y_ and Y_ to be the Y-ccordinates of the points 

B and C , respectively. Thus, 

YB - r sin 0B   , 

and 

YÄ » r sin 6 
C i 
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which can be established by referring to Figure 5,4-1, The quantities 

Ymax an<* *min are t^ie ^-coordinates of  the end points of the line 

segment Y* , where YKax > Ynjn , These quantities-can assume the values 

+ r , 0 , Yj or Yg depending upon the particular case being considered. 

For example, YBax » r and Y , • - r for the case given in Figure 5,4-1 

whereas Ynax • Yß and Y . • Yg for the case shown in Figure 5,4-3, 

If the detection pattern is entirely en one side of the X-axis either Y- 

or Yg must sometimes be redefined to zero. 

In Figure 5,4-2 (1, 1) top left, Y« is set to zero, since \^n   *• 

below Yg 9 and the program must be supplied with the information that the 

final grid-points are radial points. Consider (3, 1) to appreciate the 

necessity. The value of AY  can oe calculated from 

V    m  Y 
'max  xmin 

8       N 

W - *min - **   • 

After determining the values of the control parameters, GRID PREPARATION 

computes a value Y  from the expression 
S 

Y  - YMav + 0.5 AYft  , g    wax       g 

This value is an input to GRID where it is immediately decrement2d by a 

full AY , This determines the Y coordinate of the mid-point of the 

first of the N intervals within the line segment Y* , 
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The last step executed by GRID PREPARATION is the computation of a 

factor F from the expression 

F * ».(B) 

F is a factor employed in the DATA PROCESSING Model to compute the 

probability of the fighter detecting the bomber. An explanation of this 

factor is given in Appendix A, Section A,2, 

The GRID PREPARATION routine's logic shown in the flow chart follows 

the general explanation given above. The elaborate branching arrangement 

shown provides for uniquely identifying each of the 22 cases presented in 

Figure 5.4-2, Cases are identified by establishing the quadrants of the 

points B and C • For those instances in which two cases occur for 

B and C in the given quadrants, the Identification involves comparing 

YB and Yg . An understanding of the operation of any particular branch 

can be achieved by referring to Figures 5,4-1 and 5,4-2 and following the 

logic through to the GRID Routine, 

5.5 The COMBAT Routine 

The COMBAT Routine (see Volume III, page 26) constitutes the heart of 

the ENGAGEMENT Model of ATAC-2; it conducts the simulated engagements between 

two aircraft, COMBAT is basically a calling, sequence which executes a 

collection of routines in the proper crder to effect a series of simulated 

engagements, A series consists of the engagements initiated from the 

grid-points for a given initial crossing angle e , In the operation of 

COMBAT the steps are essentially: 
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(1) selection of a grid-point, 

(2) initialization of engagement conditions for the selected 
f grid-point, and 

(3) iteration of a basic cycle which conducts an engagement 
through a time pulse until terminal conditions are attained. 

After the engagtmeats for all grid-points for a given e have been 

completed, COMBAT returns control to the EXECUTIVE Routine, 

The first routine executed by COMBAT is GRID, Based upon the values 

of quantities determined by GRID PREPARATION, CRID determines the initial 

range between the two aircraft and the initial tracking angles which define 

a grid-point. The values of other engagement parameters and program 

control variables are initialized by the INITIALIZE FLIGHT Routine, At 

this point the fir*:t iteration of the basic cycle of a simulated engagement 

is executed. 

. ( NAVIGATIONAL SYSTEMS establishes the information state of an aircraft 

and then selects the maneuver which the aircraft will execute in a given 

time pulse. The maneuver is based upon the information state, engagement 

conditions and a tactical doctrine inherent in the ENGAGEMENT Model, During 

the basic cycle, this routine is executed twice, once for the fighter as 

the L  -ject for a maneuver decision, and once for the bomber, ADVANCE 

RELATIVE COORDITJATEC then dct naincj the incremental relative movement of 

the two aircraft. It uses the values of variables which define the 

aircraft's maneuvers as selected for the given time pulse by NAVIGATIONAL 

SYSTKMS, The new positions of the aircraft with respect to each other are 

established by ADVANCE RELATIVE COORDINATES from the determined incremental 

relative movement, TRANSFORM TO INERTIAL COORDINATES is then executed to 

establish the inertia* coordinates (x, y) of each aircraft as the result cf 
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the movement in the give-i time pulse. FIND G^    determines the total g's 

which each aircraft pulls in performing the maneuver selected for the given 

time pulse. These values of total g's enter into the evaluations made by 

CHECK WEAPONS which is the next routine to be executed. Ix. addition 

FIND G, evaluates the oxygen debt of the pilot. CHECK WEAPONS evaluates 

whether any weapons cm be fired. Whenever a weapon is fired, the time 

and the values of certain engagement variables are stored for eventual 

printout or use by the DATA PROCESSING Model. A running total of the time 

during which each weapon type's firing requirements are satisfied is also 

kept. PRINT causes the inertial coordinates of the fighter and bomber to 

be printed out if the simulation time has reached the end of a print interval 

t* • The OVER Routine is executed after execution of the PRINT Routine 

to determine if the engagement conditions at the end of the given time 

pulse meet any of the stipulated terminal conditions. It they are not met, 

the program returns to NAVIGATIONAL SYSTEMS to perform another iteration 

of the basic simulation cycle. If they are met, weapon firing information and 

the total time of the engagement are stored by the RESULTS Routine, / test 

is then executed to determine if the grid-point, from which the engagement 

just concluded was initiated, was the last grid-point to be considered for 

the given e , If this is so, control is returned to the EXECUTIVE Routine, 

Otherwise, the COMBAT Routine returns to the GRID Routine for selection of 

the next grid-point and a repetition of the process, 

5.5.1 The GRID Routine 

The GRID Routine (sec Volume III, page 27) locates one of the N 

grid-points. The grid-point is located in relative coordinates in terms 

of the range between the two aircraft, R. , and the tracking an^le of the 
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fighter, ap , and bomber, aß • To locate properly each of the grid-point«, 

GRID uses the values of the control parameters Y_ , Y„ and AY  which were 
o '    C       g 

assigned for the given c by GRID PREPARATION. 

GRID moves along the segment Y* , the projection of the fighter's 

active detection pattern onto the Y-axis, from higher to lower values of 

Y • '  Thus, it first decrements the value of Y  to locate the mid-point 

of the next of the N intervals to be considered along Y* , The value 

of an angle y  , shown in Figure 5*5-1, is calculated from the expression 

Arc s .rii . 
This angle is used to locate grid-points which fall on the arc of the 

fighter's active detection pattern, 

GRID then examines the value of Y  to determine whether the grid- 

point corresponding to Y  will fall along an arc or a radial segment 

of the fighter's detection pattern. The branch of the routine which will 

locate the grid-point on the proper segment of the pattern is then executed 

resulting in the calculation of the proper values of R , a_ and oß , 

Each branch essentially determines the point on a segment of the pattern 

at which a vector drawn through the mid-point of an interval of Y* inter- 

sects the segment, If the intersection occurs on f»n arc of the pattern, 

R will be equal to the detection range r , and a  will be the principal 

value ' of the quantity (u - l)  as shown in Figure 5,5-1, If the later- 

**  See Section 5,4, GRID PREPARATION Routine, for a definition of the 
(X,Y) coordinate system and the overall grid-point selection procedure, 

A value in the interval [- n, IT]. See Section 5,5,11,1 for a description 
of the principal value function, 
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Figure 5,5-1   Detcrnin.ition of R end a„ 
r 

for Gridpoi-it on Arc of 

Fighter's Detection Pattern 

- 84 - 



section occurs along a radial segment of the pattern, a„ obviously 

will be equal to p or - p f the detection half-angle, and R will 

be given by 

vg 

sin (u - ap) 

which can be derived from the construction presented in Figure 5.5-2, 

Whatever the segment in which a grid-point is located, a_ is 
B 

obtained from the following expression? 

ap + c - [sgn c] IT       f 

where [sgn e] indicates +1 or - 1 according to whether e is positive 

or negative, respectively. The construction shown in Figure 5,5-3 is 

helpful in deriving this result. It should be remembered that all three 

angles shown are measured positive in the counterclockwise direction. 

The branching logic incorporated into GRID is based upon the case 

presented in Figure 5,4-1 (note that B here does not relate to the 

location of the bomber)« For this case, grid-points for initializing 

engagements will first be located along the arc "Y x 
t0 c" ("Yes" to 

"Y > Y " question in flow chart), then on the radial section "C JO F" 
g   * 

("No" to first two questions, "Yes" to "Y > 0"), then on the radial segment 

"F to B" ("No" to all questions), and finally on the-arc "B to Ymin" ("Yes" 

to "Y < YB"), In other cases, any number of the branches may be executed, 

GRID PREPARATION sets the values of Yß and Yc so that the proper branches 

for a given case will be executed, 
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Figure 5.5-2   ^.termination of R and dp for 

Gridpoint on Radial Segment of 

Fighter's Detection Pattern 
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V0(B) 

V0(F) 

LINE OF 
SIGHT 

Figure 5,5-3 Determination of o 
B 

5»5«2 The INITIALIZE FLIGHT Routine 

The INITIALIZE FLIGHT Routine (see Volume III, page 28) is executed 

each tine a new grid-point is considered. It perfoms the following 

functions: 

(1) Sets variabler, vhich describe the bomber's and fighter's 

flight conditions to the values vhich they should have at 

the beginning of a simulated engagement; 

(2) Sets the values of control variables (e.g., ENVELOPE 

SW(MZS, i), ST(i), and t?RT) so that branches within the 

various subroutines will be executed at the proper times; 
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(3) Sets timing variables which record the tiiae of occurrence 

and duration of sinulatcd events at their proper initial 

values; the clocktime is set to t • 10""6 rather than zero, 

since for convenience of programming, a weapon firing should 

not take place at t « 0 ; 

(A) Constrains the Initial values of the tracking angles a 
F 

and aß calculated in the GRID subroutine to the interval 

I- IT, IT]; 

(5) Calculates the initial values of the angles A  and A_ 

within the interval [- irt v]; 

(6) Places the bomber at the origin of the (x, y) inertial 

coordinate system with its velocity vector oriented in the 

direction of the positive y-axis ($ • TT/2) and places the 

fighter in the inertial coordinate system so that it has the 

proper relative position and orientation to the fighter for 

the given e and grid-point; 

(7) Sets the value of At depending on the initial range (a longer 

initial range allows for a longer tine pul.se); 

(8) Sets the value of R* , the ideal firing range. If the fighter 

intends to surprise the bomber, then R* is first sit to RKOU, 

the point at which the fighter will ttart firing. It will 

then be charged to the "true" R* when the bomber becomes 

aware — see AWARE ROUTINE, 
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5.5.3 NAVIGATIONAL SYSTEMS 

The NAVIGATIONAL SYSTEMS Routine (see Volume III, page 29) performs 

the following functions I 

(1) Determines the information states of an aircraft through 

the operation of the ACTIVE, PASSIVE, and INFORMATION 

Routines, and thereby determines when the bomber first 

becomes aware of the fighterj 

(2) Decides which maneuver (linear, circular, pursuit course, 

linear evasion or circular evasion, defined by ST(i) « L, 

C, P, Ej^, or Ec, respectively) an aircraft will execute in 

a given time pulse based upon the information state and the 

model's tactical doctrine; 

• 
(3) Sets the value of 8. , the aircraft's turning rate; 

(A) Sets the value of a. , the aircraft's acceleration for 

this time pulse, within the two restraints of doctrine 

and the ?s function. 

. 
The values of ß. and a  determine the maneuver of the aircraft. 

ATAC-2 focuses most sharply on (3) and (A). Section A.6 describes the 

general development, and Appendices C, D, and E lay out the basis for 

them. 

! 

The NAVIGATIONAL SYSTEMS Routine first checks the information state 

(k stele) of the aircraft, (see the INFO Routine, Section 5.5.3.1). 

The k matrix is shown in Figure 5.5-A, This k state combined with thf. 
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Information 

1 None 

2 Out of Tine or Ammunition and No Active 

3 Out of Time or Ammunition and Active, i.e», 
Detection Radar or Optical 

4 Active 

5 Active and IFF 

6 Active and Passive 

7 Active, Passive, and IFF 

8 Passive 

9 Passive and IFF 

10 Lost and IFF and Inferior Turning Ability 

11 Lost (other then k » 10) 

NOTES: 

States 2-11 assume awareness. 

In states 4-9 information not listed is not 
available, c.p., k • A means no passive, no IFF, 

Figure 5.5-4  Information (k) States 
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geometry kncr.m to the uircraft produces the in state, which defines the 

doctrine of acceleration and turning. The m state doctrine is listed 

in Figure A,7-1, In the succeeding discussion the subscript or argument 

i , representing the aircraft, will frequently be dropped when inessential. 

The boxed symbols refer to the corresponding r.reas of the flow chart. 

If no information exists (k state c 1), [Ä] , the linear, constant 

speed course is continued. In all other cases, the variable D will 

dictate whether to opt for evasion. If for a given k state D »* 0 

(the D!s are input), then a course of evasion follows,  |T| ; otherwise 

the policy iß to attack. 

In the case of evasion, if k • 3, A, 5, 6, or 7, these information 

states imply knowledge of $ , the angle-off; then if  | $ | < 90* , the 

aircraft is aware it is behind the opponent. It will then make a decision 

j        based on the speed. If V > V* , it will turn as hard as possible (x_) 

even if this means losing speed. If V < V* , it will limit its turning 

rate (x,) so as not to lose speed. The aircraft turns in the opposite 

direction of the enemy (- sgn &.) , 

In all other evasion situations it will straighten out and accelerate 

to maximum speed (ß * 0 , V  V  > , 
max 

If k • 10 or 11 , see [CJ  , then the aircraft has lost all 

information. If V > V* it will turn as hard as possible (x^)  and 

decelerate. If V £ V* it will control its turning rate to less than 

g.(V) , specifically g^(V) —r , see equation (A,7-1), and accelerate. It 

will turn in the sane direction as previously» setting the sigr of $ equal 

to sgn (0) , the old value. 
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The k states 8 or 9 (passive information only), or 2 (inability to 

fire with no active information), see [5j , are treated just as k states 

10 and 11; accelerate or decelerate to V* with the turning rate restric- 

tions mentioned above. If there are two passive sensors (PS(i) «* 2) then 

the aircraft can tell the hemisphere of the opponent and turns into the 

opponent• A negative a means the opponent is on the right and so turns 

the aircraft right (sgn B - ' !)• The opposite is done, of course, if 

a > 0 • For completeness, in the unlikely event that o. • 0 (pointing 

at the opponent and yet only have passive information), then $. , the 

angle-off, distinguishes the side. If PS(i) « 1 , then it is impossible 

to tell which side the opponent is on, and the aircraft takes a doctrine 

left turn (sgn $ • - 1), 

In all other cases (k states 3, A, 5, 6, 7) the aircraft has active 

information and should consider the pursuit doctrine. The appropriate value 

of the tracking angle, n , for the next pulse, must be determined, see  [EJ • 

The first step is to evaluate $* , the angle-off at which either pure or 

constant lag pursuit is adopted. If  | $ | < $* , then r\  , the desired 

o , is set to X , the fixed lag angle, Normally X • 0 and pure pursuit 

results. If  | $ | > f* | then the magnitude of n is set by the formula 

K($ - •*) + X •  (See equation (A,5-1).) To determine the slope K the 

variable ctw^ is needed. This is the value of o at $ «* 180° , where 

the target is aimed right at the aircraft. The necessary turning rate 

can then be calculated directly from n and 6 , the last being calculated 

here although recalculated in ADVANCE RELATIVE COORDINATES (Section 5,5.A), 

Throughout the flow, when the desired 8 cannot be achieved, the status 

of the aircraft, reverts to circular flicht. 
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Now we come to specialized doctrine based on geometry« If 

| <> | > TT/2 t see \Y]  , the aircraft is in front of the target, and S(V*) , 

the distance the aircraft closes in by the time V* • V* t governs the 

decision to accelerate or decelerate. If R < S , (S • S(V*>) t then 

the aircraft must slow lown» and the aircraft turns as necessary. If this 

necessary amount exceeds the doctrine limitation (x. •» ß(gj(V))) t then 

it holds its turning rate to this limit. If R > S the aircraft turns 

only at r?£ x, (if necessary) and accelerates as specific pcwer allows. 

If 4> £ IT/2 , then V , the ideal speed to make the range rate equal 

zero, is calculated. If VQ is too small, it is limited by V,.(i) , the 

minimum speed. S(V) is needed for acceleration decisions. However S(V0) 

Is calculated here assuming that the aircraft in feict accelerates this pulse 

and then decelerates. The speed y* , used in evaluating S(V ) , Is the 

speed after this pulse if acceleration takes place. 

Four cases present themselves; let S • S(V ) I 

Left to Right  [G]  V1 > Vo t R > R* + S « RAt , n±  - 2 

BD  Vt > V0 , R < R* + S - Rat 6 m1 » 1 

0  Vi « Vo • R ! R* t m1 - 3 

H3   vi i v0 * R < R* •   mt •A 

The purpose of testing R against R* + S - RAt , rather than 

against R* + S is to insure that overshoot does not occur. Since time 

increases i.i discrete intervals, the aircraft cannot afford to accelerate 

if the range is such that one pulse later the range will already be less 

than R* + C , meaning overshoot may ensue« 
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In   in.  *> 2  r, acceleration Is desired,  and thus    0   must be limited by 

V x,, —• , if V < V* * to irake sure acceleration is permitted, In n. **  1 , 
l  V* * 

deceleration is the choice and the aircraft turning rate need only be 

limited by x„ , the structural limitations, A special case arises if 

a< At + V. < V  and R > R* , This moans that by decelerating» the aircraft 

In the next pulse would be in state «u • 3 which would cause acceleration. 

The aircraft might then oscillate between these states without ever reaching 

R* %    Since the initial R* Is a range at which to start firing, this range 

must be reached. Thus, In this case, deceleration does not occur. 

In m^ • 3 , as noted, acceleration Is the rule, and like m • 2 

the turning rate Is cut to guarantee some power for acceleration. State A 

(mj « A) Is the most involved. The value of y* Is now set to the steady 

state speed in two steps, see equation (A,7-2), First, a value less than 

1 for y* means steady state speed Is possible. Then, if the target's 

turning rate,  | 8.  , Is less than the pursuer's steady state rate, the 

aircraft accelerates or decelerates to y* , (In all cases V_ < V < V.„ L      max 

restricts the acceleration vai'.-e a< , and at various places checks are made 

to insure this; sometimes only the maximum or minimum Is checked, as the 

other is Impossible In view of the Input restrictions.) The remainder of 

state A follows Figure A,7-1 In a straightforward manner, 

5.5,3,1 The INFORMATION Routine 

An aircraft will always be in one of the k states listed in 

Figure 5.5-A, The routine (see Volume III, page 30) simply searches 

through to find the appropriate one, 
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5.5.3.2 The ACTIVE Routine 

The ACTIVE Routine (see Volume III, page 31) determines whether an 

aircraft's detection radar or optical capability will detect the other 

aircraft according to the relative positions and headings of the two 

aircraft* The routine is Activated by the INFORMATION Routine each time 

it is executed« Thus, the ACTIVE Routine is executed twice during each time 

frame of a simulated engagement, once for the fighter as the subject 

aircraft and once for the bomber. The outcome indicated by the ACTIVE Routine 

is used by the NAVIGATIONAL SYSTEMS Routine to determine the maneuver to 

be executed by an aircraft in a given time frame. If detection is indicated, 

the ACTIVE Routine executes the AWARE Routine, This causes the "clock" 

time of the current time pulse to be recorded as the time the Nomber became 

aware of the fighter if the detecting aircraft is the bomber aid the bomber 

was not previously aware of the fighter. 

The ACTIVE Routine assumes that the radar and optical detection 

patterns are completely defined by a range and a half-angle measured with 

respect to an aircraft's nose, 

5.5.3.3 The PASSIVE Routine 

The PASSIVE Routine (see Volume III, page 31) determines whether an 

aircraft will detect the presence of the other aircraft with its passive 

detection equipment« according to the relative positions and headings of 

the two aircraft. It is activated by the INFORMATION Routine, The 

PASSIVE Routine also executes the AWARE Routine if detection is indicated so 

that the time at which the bomber first becomes aware of the fighter can be 

set if it has not been set previously, 
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The PASSIVE Routine distinguishes between passive detection r»pipment 

which has the capability to r«cognite whether a detected aircraft is 

positioned in the detecting aircraft's right or left hemiSphäre and that 

equipment which does not have this capability» If an aircraft possesses 

the first type of equipment, the PASSIVE Routine will cause the aircraft 

to circle toward the other aircraft if passive detection occurs« With the 

second type of equipment, a detecting aircraft will execute a tactical 

doctrine circling turn to its left regardless of the relative position of 

the detected aircraft« 

Two conditions must be satisfied simultaneously for the PASSIVE 

Routine to indicate that passive detection has occurred« The potentially 

detected aircraft must be illuminating the passively detecting aircraft 

with its tracninp. radar and the detected aircraft must be positioned within 

the passive detection pattern of the detecting aircraft« The tracking and 

detection patterns are both assumed to be completely specified by a range 

and a half-angle. The half-angle of the tracking radar is measured from 

an aircraft's nose and the passive detection's half-angle from an aircraft's 

tail (see Figure 5,2-3), Illumination by tracking instead of detection radar 

is made a prerequisite for passive detection because illumination by detec- 

tion radar was judged to involve an unacccptably high false alarm rate« 

The preceding general discussion describes the function of the flow 

chart in the lower third of the PASSIVE Routine, The complications in 

the routine all arise from the possibility that the fighter will not turn 

on its tracking radar as soon as possible, precisely to prevent the bonder 

from picking up the signal« The bomber will alvays turn it on within range 

as the fighter is aware of the bccibcr anyway« At the top of the flow, if 
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the opponent is en unaware bomber, the fighter cannot have the tricking 

radar on, thus the routine exits« It the opponent is an aware bomber, 

the routine can immediately Bkip down and check the geometry; similarly, 

if the fight« always has the tracking radar on (NUIKD * 0). If KUIND /- 0 or 1 

then the fighter docs not turn on the tracking radar until IFF is established 

(1TEMP * 1) so that must be checked, 

Y :.  variable P. defines a choice of doctrines. If K *» 1 , then 

the tracking radar is turned on only when firing a weapon• Whenever 

o(MIS, j) < at , aircraft j has just fired weapon MIS, This means that 

the tracking radar of aircraft j has just been turned on. The program 

loops through all missiles to check if any have Just been fired, 

I* P, J* 1 , then the alternative doctrine is used: The fighter 

turns on its tracking radar when it estimates it is t(input) btconds 

away from first entering soi^e launch envelope (R(0 - Rt • see Section 

5,5,3.4), If R >  0 f the aircraft ere moving away from each other« In 

such cases| if R > R($..) the tracking radar will not be turned on. The 

variable P« it initially 0» Once the bomber passively detects the 

fightere P  becomes 1, meaning that the tracking radar is on, and stays 

on« 

5,5,^,4 The R(0 Function 

This routine (see Volume III« page 32) establishes an earliest range 

at which the tracking radar will b^ turned on« It is self-explanatory in 

the flow chart, 
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5.5.3.5 The AWARE Routine 

| j 
The AWARE Routine (see Volume III, page 32) Is designed to rcccrd the 

circle time within a simulated engagement for a given e and grid-point 

at which the bomber first detects the fighter with its radar, optical or 

pp.ssive detection capability« The variable which represents this time is 

tAWARE * Its value i* *et initially to 1,000 (feconds) by the INITIALIZE 

FLIGHT Routine« The AWARE Routine uses this value as a key in determining 

whether the bomber detected the fighter before the time pulse being considered. 

If detection does not occur for an entire engagement« the value of t*WARE 

remains 1*000, This value then appears in the program's printout to indicate 

that the bomber did not detect the fighter. When the value of tAWARE io 

set, the variable ICAN of the opponent ie set to zero to allow firings, as 

no further advantage is to be gained by surprise. Also, the ideal firing 

)      range, R* is set to its smaller value, and the opponent, now that the 

target is aware, will come in closer« The AWARE Routine is activated by 

the ACTIVE and PASSIVE Routines whenever they indicate thnt detection has 

occurred« Also, since uhe bomber can become aware by being fired on, the 

CHECK WEAPONS Routine contains a duplicate of the AWARE Routine« 

5.5.3.6 The G^(x) Routine 

OAx)    is the structural or aerodynamic limitation on the number of 

g's pulled by aircraft 1 traveling at speed x • It is determined by 

interpolating across an input set of speeds« (See Volume III, page 33«) 

If Bi «1 t then the pilot is sick, and C-(i) - 1 means that 

the model will take this Into consideration; the pilot in a sick state 

)      cannot pull rare than 1.5 g's« 
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5.5.3.7 The g.(x)  Routine 

This routine (see Volume III, page 33) finds the number of g*s to be 

pulled which just allows the aircraft to maintain speed ir«t routine is, 

in form, like the G^(x) Routine« 

5.5.3.8 The P1(V1 . $t) unction 

This is the specific power function referred to as Pg in Section 4 

and Appendix E. The routine (see Volume III» page 34) first must evaluate 

x | the number or total g's pulled by the aircraft. This is necessary 

because although the program works with 0 , the input table Is in terms 

of B'F. Then the interpolation proceeds as explained. 

5.5.3.9 The B(x)  ftmcftion 

Ibis is equation (4.6-1), needed after determining the appropriate 

number of g's. to relate this to a turning rate. (See Volume III» pttge 34.) 

5.5.4 ADVANCE RELATIVE COORDINATES 

This routine (see Volume III. page 35) must first determine the 

appropriate time pulse» at • When the aircraft are far apart the relative 

geometry does not change so abruptly as when close in, and thus three values 

of At (t ) depending on the range (RTEST) are input. Once a smaller 

range, and thus a smaller At , la used, however, the model will not 

revert to a larger At if the range again increases. 

The equations for the rate of change of the variables are from 

Section 4.3.1. The decision as to whether to use the close in equations 

(Section 4.3.2) depends on the range being less than the sun of the speeds 
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times At • If this is so, then conceivably using the relative equations 

(left hand side of flow) the range could go to zero in one pulse. The 

equations can also produce an ill-behaved 6 , noted in A,3,2, Thus, 

the right side of the flow lit used instead. 

The values of R , $  and o  are determined by adding the value 

of each during the previous time pulse to the change in its value exper- 

ienced during the given time pulse. After values of $_, and o  are 

determined, they are used to determine the values of $« and e , these 

being the negative supplementary angles of cu and $_ , respectively, 

(See Figure 5.5-5,) 

LINE OF 
SIGHT 

« ) 

Figure 5,5-5 Determination of a and • 
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In order to assure that rhe angles remain in the interval [- *, IT] 

for all subsequent operations, the PV(x) Routine (Section 5,5,10,1) 

is applied in all instances in which an angle is incremented in the given 

time pul^e. The "sgn" function (Section 5,5,11,2) appears in the last two 

equations in ordar to guarantee that the angles remain in the interval, 

5.5.5 TRANSFORM TO INERTIAL COORDINATES Routine 

TRANSFORM TO INERTIAL COORDINATES (see Volume III, page 36) determines 

the positions in the lnertial coordinate system which the fighter and 

bomber attain after executing their maneuvers in a given time pulse. The 

(x4y) coordinates of the aircraft are needed for output purposes to provide 

a graphic presentation of the flight maneuvers performed by the aircraft 

during an engagement. The coordinates are printed out at regular Intervals 

as governed by the setting of t* , the print interval, in the PRINT Routine. 

O 

CJ 

TRANSFORM TO INERTIAL COORDINATES first establishes the x, y coord- 

inates of the bomber (8). The (x, y) coordinates of the fighter (F) are 

then determined by adding the relative coordinates of F with respect to 

B to the (x, y) coordinates of B • The equations used to find the 

lnertial coordinates of B are stated in equation (4,3,1-5) using Figure 

4,3-2» In addition, the change in velocity is evaluated at the end here. 

This logically must be done either at the end of TRANSFORM TO INERTIAL 

COORDINATES or before NAVIGATIONAL SYSTEMS so that all the equations use the 

same velocity. In order that in the first pulse of ehe simulation the 

aircraft move at the input speeds, this Incrementing is done at the end. 

The procedure employed for determining xfi and y~ is executed 

quickly by a digital computer. This Is an Important consideration because 

this calculation is a part of the basic cycle of the ENGAGEMENT Model, a 
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series of instructions executed many more times than any other Instructions 

in the model. The errors involved in applying this method are not severe. 

If B is on a circle for a period of time, the procedure typically yields 

ar error in B's coordinates of 1% of the radius of the circle for a quarter 

circle turn and virtually no error for a half-circle turn. These figures 

apply to a time pulse length of 0,1 seconds. 

The equations used for determining F's inertial coordinates are 

ahown in Equation (4,3,1-6) using Figure 4,3-3, where R , $p and ß 

are obtained by ADVANCE RELATIVE COORDINATES, These equations simply resolve 

the distance R between B and F into x and y components and add 

them to B's inertial coordinates to obtain Ffs inertial coordinates. 

The inertial coordinates of F can be computed directly in the same 

manner as those of B from equation (A.3,1-5), The set of equations 

(4,3.1-6) were adopted instead of computing x~ and y  because indepen- 

dent comoutation of x„ , y« and xp , y_ could lead to a cumulative 

discrepancy in the apparent relative positions of the aircraft due to the 

approximate nature of the equations (4,3,1-5), Since the decision rules 

incorporated into the ENGAGEMENT Model, which govern the selection of 

aircraft maneuvers and the time at which weapons can be fired, operate on 

the relative position of the two aircraft, accurate presentation of relative 

position was considered sufficiently important to dictate the adoption of 

equations (4,3,1-6), 

If the "close in" equations were used in the ADVANCE RELATIVE COORDINATES 

Foutine, then it would be logically unnecessary to reevaluate the inertial 

coordinates here; Fo_' programing convenience it is done anyway« 
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5.5.6 The FIND G^^ Routine 

The FIND &£ Routine (see Volume III, page 36) gets the value of G, 

to the number of total g'e attained by aircraft i in a given time pulse. 

The routine is executed twice, once for each aircraft. The value of 6. 

determined by the FIND G. Routine is operated upon by the CHECK WEAPONS 

Routine in a given time frame. In the CHECK WEAPONS Routine, a firing 

aircraft's Gj is compared with the maximvm total g's at which each 

available weapon can be fired. The Gj of the target aircraft is used 

to select the proper firing envelope? to be used in evaluating whether 

the target aircraft may be fired upon for ««ch of the firing aircraft*s 

available weapons. The rest of the flow relates to the sickness of the 

pilot. The value 0. describes the lack of oxygen in the pilot's head, 

ranging from 0A « 0 , meaning the pilot is all right, to 0. • 1 , meaning 

the pilot is too sick to maneuver. Eight g's are too much for the pilot 

in any case. More than four g's causes a loss of oxygen, thus an increase 

In 04  » ths amount of loss, depending on G. , the number cf g's, If 

G, < 1.5 , then oxygon returns, reducing 0j • 

Whenever 0^ becomes equal or greater than 1, the value of B. 

is set to 1, meaning the pilot is sick. Initially it is zero. Once 

8. * 1 It is not set to zero until the oxygen debt 0. •» 0 e?ain. Sj 

keeps track of the length of time the pilot is sick and so is incremented 

appropriately. 

The variable G»(l) is an input which indicates whether to exercise the 

concept of pilot sickness in maneuvering. Sick time is always evaluated, 

but only if C„(i) is set to 1 will the pilot's turning rate be affected. 
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Thus, if GB(i) - 1 and B4 - 1 , the pilot is restricted by the gt(x) 

routine to less than 1.5 g's, .rod there is no need to check for that here. 

5.5.7 CHECK WEAPONS Routine 

The CHECK WEAPONS Routine (see Volume III, page 37) evaluates what 

weapons are to be fired this pulse. Four conditions are considered. 

(A) The geometric restrictions. 

(B) Ammunition supply. 

(C) Firing rate. 

(D) If used, the sickness of the pilot. 

Over the course of a simulation for each e arid each grid-point, the 

routine determinest 

(1) the -.lumber of shots fired of each weapon type, 

(2) the time t , if any, at which each weapon type is first 
fired$ and 

(3) the total time tuIS(I) within an engagement during 
which each weapon's firing requirements (A) and (B) 
are satisfied. 

If there are interruptions in satisfying (A) tMls(i) is the sum of the 

durations of the periods in which (A) it satisfied and ammunition is left. 

He Initial weapon system reaction time is provided for in the routine. 

The first shot <s fired the instant conditions are satisfactory. 

Th'2 CHECK WEAPONS Routine eva1 ates engagement conditions in view of 

various restrictions due to relative geometry and pursuit dynamics. 
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First, at some tine before firing the targe**, must be positioned 

within the IFF recognition pattern of the attacker« This requirement 

applies to all weapon types (except tail guns) within the firing aircraft*« 

configuration« The IFF recognition pattern Is defined by a range and half- 

angle measured with respect to the attacker*e nose« Establishment of IFF 

is recorded by ITEM?(i) - 1 • . 

General requirements for firing are, starting from the top of the flow, 

that either the detection or optical sensors must perceive the target} 

that IFF be established, as already noted; then comes the doctrine 

decision to fire determined by ICAN (Section 5.5.3.5). Next the tracking 

radar requirements must be satisfied« The CHECK WEAPONS Routine does not 

terminate if some of these requirements are not met« Instead of "RETURN" 

the flow goes to @ which says to consider the last missile, n (1) , 

the tail guns« These do not need certain of the usual requirements for 

firing« 

If the general requirements are satisfied, each missile is considered 

separately at the box subsequent to \2J    « If the missile cannot be 

fired, the flow goes to (5) where the next missile is considered« 

Two limitations are checked which may be different for each missile: The 

tracking angle and the g's of the attacker« The case of tail guns is 

checked separately (off to the left), since ir - a is its "tracking'* angle, 

rather than a « If the amount of ammunition expended, k(MIS, 1) is less 

than the amount originally on board, N(MIS, 1) , then there is ammunition 

available and the weapon is checked against its envelope« This final set 

of requirements includes maximum and minimum ranges for .the firing of each 

type of weapon, for which the Kre*  , RM_- Routine is used« These ranges 
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are expressed as a function of the target's lateral g'e, the average of the 

\ ) two aircraft's speeds, and the attacker's angle off the target's tail« 

In additlont missiles one and two may be required to fire outside a 

minimum range KFLOOR« 

If the range between the firing and target aircraft falls between 

P^JJS and RMIS , and the pilot is not sick (see next paragraph)« the weapon 

«ay be fired subject to the maximum firing rate« If these range requirements 

are met, the quantities tMIS(i) and o(MIS9 1) are incremented« The 

variable t»*s(l) Is the length of time in the envelope of weapon type MIS, 

and a(MIS, 1) is the time since the last firing of MIS« A check is then 

performed to determine if this weapon has been fired previously« The latter 

check is accomplished with the aid of the ENVELOPE SW(MIS, 1) switch« At 

the beginning of an engagement, this switch is set to the value OFF by the 

(3      INITIALIZE FLIGHT Routine« It remains at this setting until the first of 

this weapon type is fired« When this occurs« the switch is set to OK, and 

the clock tf a and quantities that describe flight conditions for the given 

time pulse are stored« These quantities are the range between the two 

aircraft» the attacker's tracking angle c. and the angle-off A « The 

values of these quantities at this time are identified as RESULT(MIS, 1)« 

Setting the value of ENVELOPE SW(MIS, i) to ON prevents RESULT(MIS, i) from 

being replaced in storage by a new set of values in some subsequent time 

pulse« 

If S_(i) is 1, then the oxygen debt concept is to be exercised« 

If 0. » 0 there is no oxygen loss, and 0* • 1 means the pilot is sick« 

As mentioned in Section 5.5.3,6, a variable G»(i) determines whether the 

( )      pilot's sickness affects his turning« Similarly, SF(i) * 1 means that the 
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0. affects his weapon firing rate. If 0^ * 0 , then firing should proceed 

at the input firing Intervall t • If 0 - 1 9 then firing should not 

take place, or* equivalently, the firing Interval Is infinite« The expon- 

ential function in the flow forms a continuity assumption about this Interval 

between firings as the oxygen debt increases from 0 to 1« The logic requires 

that this S„ and 0. be checked twice (once on the middle of the page, 

once near the lottom). This is because the oxygen debt can be a requisite 

for first setting the ENVELOPE SWITCH to ON5 thus It must be checked Indep- 

endently there« 

C 

If the envelope switch is turned on this pulse, then a duplicate of 

the AWARE Routine (Section 5«5.3«5) is exercised and from there the procedure 

is the same whether or not the envelope is first being entered« If this 

Is the first firing of this weapon, then there is no delay and the aircraft 

fires Immediately» the oxygen debt permitting« The t interval quest.'an can 

then be ignored« Firing is Indicated by the box in which k(MISt i) , Is 

incremented« In addition, the tine of the firing and the characteristics 

of 1 are recorded« This variable I   keeps track of the last weapon 

fired, MI(1) , which aircraft fired it, IA(1) , and the time of firing, 

T(l) . 

The cycle is repeated for each weapon in an aircraft*s configuration 

for sach time pulse« 

C 

5.5,7.1 The R^g , R^g Routine 
I •JJ'l-U   1 11    -1   II      .     tiiirT        11      •    1 ii      11  

The Rj.IS , RAJS Routine (see Volume III, page 38) Is an interpolation 

procedure« It determines for a given weapon, the minimum and maximum range 

constraints« These depend on the engagement conditions at the time, as 
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specified by the aircraft velocities, attacker's angle-off, target's total 

g's and direction of turn« The routine is used exclusively by the CHECK 

WEAPONS Routine, Data upon which the R^g , R~-s Routine operates are 

input in tabilar form« The tables describe firing envelopes within which 

the firing of a weapon can occur« The tables are for given values of 

aircraft speeds (assumed to be the averages of the attacker and target 

speeds) and the target's lateral g's« A diagram of a firing envelope 

is shown in Figure 4#4-1, 

The **MIS • *MIS *°utine linearly interpolates along both the average 

velocity and the target's lateral g's« There are six firing tables for 

each weapon type, a pair of tables for each of three values of the target's 

lateral g's« Each pair consists of a maximum range table denoted Rj^(va • %) 

and a minimum range table, R_.(V , o.) « The entries for a given V 

in a pair of tables describe a firing envelope such as that illustrated in 

Figure 4.4-1« In this diagram, j is the target and i is the attacker« 

The target is traveling to the right« The firing tables apply to a target 

aircraft executing a right turn (ß. > 0), The firing envelopes which 

apply to a left turn are obtained by reflecting the right turn envelopes 

about the target aircraft's longitudinal axis« This is accomplished in 

the CHECK WEAPONS Routine through the quantity o  which is equal to <•>. 

if the target aircraft is making a right turn and is equal to - $. if 

the target aircraft is making A left turn« 

After determining the o. of the table closest to the o  of a 

given time pulse, the Krrc  • RUTC Routlne determines the tabular values 

of g's bracketing the target's present g level« The target's g's are given 

in terms of total g's at this point in the program, and a conversion to 

lateral g's is effected« If the number of lateral g's pulled by the target 
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is beyond the extremes of the tabular g's, the routine takes the firing 

\ ranges for the last two extreme tabular values and extrapolates. 

Having determined the upper and lower tabular g's, the routine selects 

the two range tables corresponding to each of these tabular g's« From these 

four tables linear interpolation is performed on velocity to arrive at four 

tange values, values of minimum and maximum firing ranges for the two 

selected tabular g values» These quantities are denoted Z„ , ZX  , Z. and 

Z' in the flow chart of the R^g , RJLg Routine» Using these quantities» 

thr routine then interpolates with respect to lateral g's to obtain the 
i 

quuai.lties RwjS and Krt*  • 

5»5,8 The PRINT Routine 

The principal purpose of the PRINT Routine (see Volume III, page 39) 

(3      i* to provide data for plotting each aircraft's position in inertlal coordi- 

nates as a function of time» The input t* defines the amount of time 

between successive printings of the (x , y) coordinates of each aircraft» 

Of course, t* should be an integral multiple of the time Increment At • 

Other outputs printed includes 

t - the time 

R - the range 

and for each aircraft: 

k. stete (see Figure 5,5-4) 

m. state (see Figure 4,7-2) 

ST(i) status (see Section 5,5,3) 

L 
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V* - the speed 
• 
B«, - the turning rate 

at   •» the tracking angle 

•A - the angle-off 

5.5.9 The OVER Routine 

The OVER Routine (see Volume III, page 39) determines whether or not 

the conditions which terminate an engagement have been met« If these 

conditions have been met, OVER will cause a branching to the RESULTS 

Routine which stores pertinent data. If the conditions have not been met, 

control is returned to COMSAT for another Iteration, 

An engagement is terminated by any of the following conditions: 

(1) Neither combatant has information about the other and the 

< ) current value of t is greater than the input t w  , 

(2) the current value of t is greater than the input t^y. , or 

(3) the range R is less than the input R^ • 

If an engagement is terminated! the value of time t is saved as tLAST „ 

the duration of the engagement, 

5.5.10 The RESULTS Routine 

The purpose of the RESULTS Routine (see Volume III, page 40) is to 

store information which describes the final results of an engagement for 

eventual printout and use in the DATA PROCESSING Model of ATAC-2, The 

RESULTS Routine operates once for each grid-point. A chock is first made 

' )       to determine the awareness of the b. at vr, The information stored Includes 
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the initial conditions of an engagement» tha r2s1.its and an identification 

of the cor.puter run. Specifically, the items stored are! 

(1) ID — the computer run*8 Identification which includes the 

run number, altitude of engagement, aircraft Identifications 

and weapon identifications; 

(2) c — the initial crossing angle of the bomber*s and fighter*s 

flight paths; 

(3) GRIDFOINT — the number of the grid-point for the given c ; 

^ tAWARE mm tne titnc et wllicn c^e bomber became aware of the 

fighter» It Is set to 1,000 If the bomber never became aware, 

(5) tiAST *" tne duration of tne engagement; 

(6) RESULT (MIS, 1) — the values of time (t), range between 

aircraft (R)9 l*s tracking angle (a*)» end the angle-off 

(O et the first firing of each type weapon; 

(7) twjS(i) — the cumulative time during which each weapon type 

could have been fired If there were 110 restriction on firing 

rate and ammunition limitation; 

(8) F — a factor, used in the DATA PROCESSING Model, which is a 

function of the fighter*s active detection pattern and the 

relative velocity of tha two aircraft5 

(9) The history of weapon firings shown by» t t MI(£) , IA(i) , T(l); 

(10) S^ — the length of time each pilot was sick during the engagement 
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5,5,11 General Purpose Routines 

5c*tUa The PV(x) Function 

The PV(x) (principal "alue) Function (see Volume III, page AO) 

determines an angle that is both equivalent to its argument and in the 

interval [- n, IT]. It insures that the principal value of an angle will 

tnter into subsequent calculations vhen an angle is obtained by the 

addition of two other angles« The function is defined to bet 

PV(x) 

* » ** 1*1 £ * 
x - 2* f if x > n 

X + 2*  ,  if  X < - T 

It is sufficient to subtract or add 2ir to obtain an angle in the Interval 

I- *, *] equivalent to the argument, because each of the angles added to 

obtain an argument is always less tha:i v in absolute value, and no more 

than two angles are ever included in a sum. That the angles will be 

restricted to the interval [- it, *)  is assured by applying the PV(x) Routine 

whenever two angles are added or an angle*s value is incremented, 

5.5,11,2 The SGN(x) Function 

The purpose of the SGti(x) Function (see Volume III, page Al) is to 

give the sign of its argument. It is used in various expressions for the 

sake of brevity« The function is defined as 

sgn(x) • 
1 , if x > 0 

- 1 t if x < 0 
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5.5,11.3 The 0(x) Function 

The purpose of the Q(x) Function (see Volume III, page 41) determines 

the quadrant of its argument. It is used by the GRID PREPARATION Routine 

to determine the quadrant of 8  and 6  where the values of the angles 

are confined to the range [- v, it], Q(x) is defined to be 

Q00 

/1 , if v/2 > x > 0 t 

2 , if w > x > */2 p 

3 , if - f < x < - */2 9 

I 4 , if - w/2 < x < 0 

< 

C 
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SECTION 6 

DATA PROCESSING MODEL DISCUSSION 

6,1 Introduction 

The purpose of the DATA PROCESSING Model (DPM) is to compute various 

conditional probabilities of kill of the combatants in the ENGAGEMENT Model 

(EM)» Being a separate program, the DPM utilizes the stored result? of the 

EM along with its own inputs to compute these probabilities« The basic 

results of the EM are the sequences of firings of each combatant for each 

engagement; the batslc inputs of the DPM are the individual single shot 

probabilities of kill of the weapons fired by the combatants. One can 

perform parametric variations on these weapon probabilities or one can 

vary the weapon loads of each combatant in the DPM while utilizing the 

same results of the EMf thus making re-runs of the EM unnecessary. 

An encounter will mean a random engagement, The objective of the DPM 

is to render probabilities of kill for an encounter, independent of initial 

conditions, from the Individual results ot each engagement. To obtain 

probabilities associated with an encounter, the probabilities for each 

engagement are averaged, so to speak, over all grid-points to obtain 

probabilities as a function of c , the initial relative heading angle. 

These probabilities are in turn averaged over the various values of e to 

obtain the srxounter probabilities. 

Section 6,2 delineates the method of obtaining the engagement probabi- 

lities, while Section 6,3 contains the derivation of the encounter probabi- 

lities from the engagement probabilities, The expected number of eneny 

aircraft killed over an aircraft's lifetime is aerived *n Section 6,A, 
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finally, consideration is given to the computational aspects of evaluating 

the above probabilities in Section 6«5« 

6.2 Engagement Probabilities of Kill 

In this section the concern shall be with the calculation of the 

probability of hill of the combatantr. of the EH based on the information 

provided by the EM and the separate inputs of the DPM, For each engagement 

the EM provides a list of times of ill weapon firings« The single shot 

probabilities of kill of various weapons are used by the DPM only« 
- 

Throughout this section the terms "killed" and "alive," or "dead" and 

"survived'* are used to describe the condition of an aircraft at some point 

in time« No partial damage is considered in this modelj a weapon either 

totally destroys its target or leaves it unharmed« In a sense, the DPM 

restricts the firings of weapons« A weapon is considered fired In the 

DPM only if its target is alive at the time of firing« The weapon takes 

an amount of time t* ("time of flight") to get to target whereupon it 

either misses or destroys the target« 

Consider an engagement in which the EM indicated various weapons 

were fired by each combatant« Let s be the total number of weapons 

fired by the two aircraft during the engagement« Also let T(i) 

(tBli 2, ,.„ z) be the time at which the I•1 weapon was fired« The 

times are in ascending order; t^te &tn weapon was fired before or*at the 

same time as the (1 + l)8t , hence, T(l) < T(£ + 1) , I - 1, 2, ,,,, z - 1 . 

Associated with time T(l) is the aircraft that fired the i*" weapon, 

IA(£) , and the weapon type, MI(Z) « The aircraft, IA(l) , takes values 

of i and j (or F and B)« The missile number, MI(t) , is the type 
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number of the weapon fired; there may have been many firings of this 

weapon type by an aircraft during an engagement• Let the single shot 

probability of kill associated with the ltlk   firing be P^(MIU), IA(fc)) . 

These probabilities are the basic inputs to the DPM. 

A wapon fired at time T(l> hits its target at time T(Jt) + tf , 

Suppose then that the probability that aircraft j is killed during the 

engagement is desired» Let F(l) be the probability that aircraft j is 

dead at time T(t) + tf + 0
1', Just after the possible hit of the *th 

weapon» (It is evident that the time dependent probability of kill may 

be uniquely described by P(l) since an aircraft may be killed only at 

times T(l) + tf + 0.) Let p(i) be the probability that the 1th weapon 

alone •— and no other weapon — kills aircraft j « Then the guiding 

relationship throughout this development is that 

I 
HD    - E P(«)   .    (6.2-1) 

n-1 

This is interpreted as the total probability that aircraft j is dead at 

time 1(0 + tf + 0 is equal to the sun of the effects of all weapons that 

could have hit (and therefore killed) aircraft j — all those that hit 

on or before T(fc) + t* • From (6.2-1) it Is evident that 

P(i) • PU - 1) + p(t) , I - 2, 3, .,., s .  (6,2-2) 

" The notation + 0 and - 0 is needed to describe whether the point 
in time T(l) + tf is or is not included. Here the tine of the hit 
must be included, 
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Then having derived P(l) and p(A) , the probabilities P(Jt) nay be 

computed seriatim for l - 2, 3, «««, z  , The major portion of the balance 

of this section is devoted to deriving p(£) • Equation (6.2-2) is used 

in the DPM, It is a general equation with I   as an Index of the time order 

of the interlaced firings by the two aircraft« Two basic cases arise; the 

Ith weapon could have been fired by either aircraft in the EM« For the 

trivial case that aircraft j fired the £th weapon at time T(A) it 

is clear that this will not affect the survival of j at tine T(£) + tf + 0 . 

Hence 

p(i) - 0 t if IA(i) - J «      (6.2-3) 

Now consider the other case; the EM indicates that aircraft i fired 

the 1th weapon at aircraft j , that IA(t) - i . In this case p(l) 

will« in general« not be sero« The event that the It" weapon kills 

(hits) aircraft J will now be described In terms of an equivalent set 

of events» the probabilities of which are more easily obtained. 

For the 1th weapon to kill aircraft j it is necessary and sufficient 

for the following three events to take place: 

A) Aircraft j is alive just before the possible hit of the 

Ith weapon, 

B) Aircraft 1 is alive to fire the 1th weapon, 

C) The I       weapon, in fact, hits aircraft j and thereby 

kills it« 
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Further, the single shot probability of kill of the Äth weapon, 

Pk(MI(£), i) • iß by definition the probability that the target is killed 

by this weapon, given that the weapon is fired and the target is alive to 

be hit by it. Thus, 

Pu(MI(A), i) • Pr { Ith weapon kills j|j alive at 
T(A) + t£ - 0 , i alive at T(i)f 

- Pr {C|A , B} , 

But 

p(0 - PrjC, A, B} , 

thus 

p(i) - P^CMIU), i) Pr{A, B}  ,     (6.2-4) 

This means the probability that aircraft j survives to T(£) + tf ~ 0 

| )      and i survives to T(£) is required. This joint event is further 

decomposed« Consider the events 

D) Aircraft j survives from T(£) to T(lt) + tf - 0 , 

and 
F) Aircraft j survives to T(£) , 

Event A is equal to the joint event D and F. The probability of the combined 

events of A and B may be obtained as follows: 

Pr{A, B[   -   PrJF, D, B} 

-    Pr {D|F, B}   Pr {F, BJ 

Pr | j survives from T(£) to 
4T(1) + tf •• 0 I i and j both 
survive to T(£) } Prj i and j 
both survive to T(£)f ,       (6.2-5) 
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These probabilities, being the final decomposition, will now be derived. 

Consider the probability, Pr {F, B } , of the event that both aircraft 

are alive at T(£) , This event obtains if and only if all weapons that 

could hit either aircraft before T(t) in fact do not« Let q(i) be 

this probability, 

q(l) s Pr { F, B | 

-  n  [1 -Pk(MI(n), IA(n)) ,     (6.2-6) 
n-1 

where k is the last weapon (if any) that could hit before T(l) ; k is 

the largest integer for which 

T(k) + tf < T(t)     . (6.2-7) 

If there is no k > 1 which satisfies (6.2-7), Pr JF, B} - 1 , by 

definition. 

The second factor on the right side of (6.2-5) has, therefore, been 

obtained as (6.2-6). The first factor, the probability that j survives 

from T(t) to T(£) + tf - 0 , given both survived to T(£) , is now 

required. This probability is PrJD|F, B| and will also be termed y(l) 

hereafter. By the above argument, aircraft j is killed during the time 

interval T(l) to 1(1) + t, • 0 , given both aircraft survived to T(t) , 

if and only if all weapons that could hit aircraft j in this time interval 

in fact do not hit. Thus y(i) is the product of the survival probabilities 

over the set of weapons that could hit in this tine interval. The k' 

weapon, defined in (6,2-7), is not in this set; by definition the kth 
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weapon hits before T(l) • But it is the last weapon to hit (possibly) 

before T(t) 5 therefore, the (k + l)st weapon hits (possibly) after T(f) , 

On the other end of the interval, the (t - l)st weapon is the last to 

hit before T(£) + t£ - 0 . Therefore, the relevant set of weapons, indexed 

by n, that could hit in the interval T(t) to T(fc) + t. - 0 , consists 

of n • k + 1, k + 2, «••, 1 - 1 . It follows that 

y(t) -  n   [1 -P.(MI(n), i)]  ,    (6,2-8) 
n-k+1 

where it is understood that the product is taken over only those weapons 

n for which IA(n) - i • A singularity occurs here when the (k + l)st 

weapon is the I • No weapons can hit in the interval and y(l) *= 1 , 

if k + 1 - A • 

Combining the above, p(t) may be obtained. From (6,2-4) and (6,2-5), 

if IA(1) * i , 

p(i> - ^Qa(l), D Pr{D|P, B} Pr {F, B| 

- Pfc(MlU), i)  y(D  q(i) 

Thus in (6.2-2) P(l) is obtained for I » 2, 3, ,,., z  . 

It remains to determine P(t) for I • 3 , Define P(0) to be the 

probability that aircraft j is dead before the first weapon hits. Then 

P(0) - 0 . Using (6.2-2) it follows that 

P^(MKl), i) , if IA(1) - i 

(6.2-9) 
0     , otherwise    • 
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One more special case remains• If k does not exist, y(A) Is not 

defined by equation (6,2-8), This corresponds to the event that thf 1th 

weapon Is fired before the first weapon hits the target. Then 

T(l) •• t£ > T(l)  . (6.2-10) 

Then clearly both aircraft are alive with probability 1 at T(l) , So 

y(l) is Just 1 - P(t - 1) , the probability that aircraft J survived 

the first 1-1 firings. Hence, for any I   for which I* (I) • 1 and 

(6.2-10) hold, P<0 is given by 

P(i) - P(l - 1) + [1 - P(l - 1)] P^MIU), 1). (6,2-11) 

Thus, P(l) , the probability that aircraft j is killed at time T(i) + tf + 0 , 

may be computed for all values of I  . By extending this process through tc 

the last weapon fired, within the combat time limitations of the aircraft, 

the probabilities of kill for the engagement is found. Of course, by 

•witching the aircraft to which 1 and j are assigned the probabilities 

are computed for the other aircraft by repeating the above process. These 

probabilities are called P?(e, n) as explained In the next section, 

6,3 Encounter Probabilities 

This section presents the derivations of the kill probabilities for 

a random engagement — an encounter. The process by which these 

encounter probabilities are obtained is basically an averaging of 

engagement kill probabilities with appropriate consideration of the con- 

ditional events« 
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In the previous section it was shown how the individual engagement 

probabilities of kill were obtained. The section defines an algorithm by which 

these probabilities are computed. Now, each engagement has associated with 

it an t | the initial relative heading and an n , the grid-point. Together 

they define the initial conditions of an engagement. Heretofore this nota- 

tion has been suppressed when discussing P(i) , However, it Is required 

henceforth. Each individual engagement probability will be indexed by e , 

and n • Also, further capabilities require special notation. It is 

interesting to compute the individual engagement probabilities of kill of 

each aircraft with its lethality suppressed. This gives a measure of the 

effect of that aircraft's weapons on its own survivability« The condition 

of the suppression of an aircraft's kill power (the single shot probabilities 

of kill) is indicated by the value of an index m in the following discussion. 

If m has a "alue of 1, then aircraft j's single shot probabilities of 

kill of all its weapons are taken to be zero in what follows. Hence 

P?(c, n) for n • 1, 2 and J • F and B are the probabilities that 

aircraft j is killed in the engagement identified by c and n where 

the value of m Indicates that j's weapons were or were not suppressed, 

respectively. These probabilities are obtained from the above (Section 6,2) 

algorithm by setting the proper values of 1 and j and m , If m is 

set to 1, then P^(MIS8 J) £ 0 for all MIS, If m - 2 , P^(MIS, j) is 

set to the input single shot probabilities of kill, P.(MIS, J) , 

One last introductory consideration must be pointed out. All the 

above probabilities apply to engagements in which the bomber became aware. 

The other case, in which the bomber was totally unaware for some engagement, 

requires special consideration. For this case Pj(c, n)  is defined as the 

probability that the bomber is killed for the enjjagcr.ent defined by e and n , 
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c 
Furthert  this probability is defined only for those engagements in which the 

o 

bomber was unaware« In such engagements the probabilities F?(c, n)  (ia • 1, 2) 

are not defined. There is no analogous probability for the fighter since it 

is always rware. 

To obtain the kill probabilities as a function of c only, independent 

of tht grid-points for that c , let P?(c) be "?.e probability that aircraft 

j is killed, for an initial relative heading angle of t  , given that the 

bomber was aware and given the previously described condition indicated by 

the value of m . Likewise, P»(0 *•* the probability that the bomber is 

killed, given it Is unaware for the value c , Also let N (e) be the number 

of grid-point8, out of the K possible, in which the bomber was unaware for 

the value c , The distribution across grid-points is assumed to be uniform, 

i.e., one grid-point is as likely as another. Then 
N 

l- P*(e) - *=*   ,  if N(c)<N 
J        N - H.(e) u • (6.3-1) 

and 

N 

Pj(c) - IEi   ,  if Nu(c) i ',    ,   (6.3-2) 

where the summations in each instance are taken over the cases which apply; 

there will be K - N (c) terms in the summation to obtain Pm(e) and 

N (c)  terms in the summation to obtain P*(e) • There may have been no 
U B 

case in which the bomber was unaware, however. In tuch a case P*(e) is 

undefined. Likewise Pn(c) is undefined if N (e) - N . The values are 

arbitrarily set to 2 in such cases for identification; the values are 

Immaterial since the kill probabilities will be combined with probabilities 

of awareness and unawareness, which will be zero in the undefined cases.. 
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To complete the probabilities at the e level two more quantities are 

defined. Let Pn(e) be the probability that the fighter detects the 

bomber at an Initial heading angle of c • This probability is derived 

separately, in Appendix A, Also, P (e) is the probability that the 

bomber is unaware given the fighter detects the bomber for an initial 

relative heading angle of c and is computed as 

Pu(e) « Nu(e)/N    .       (6.3-3) 

This completes the necessary probabilities as a function of e , and leaves 

the averaging across values of c to obtain the relevant probabilities 

of kill for an encounter — independent of the initial conditions. 

First considerations are to the method of averaging. The results for 

each value of e are intended to represent engagements that arise from 

detection within an arc portion of angular width Ac about a circle or 

semi-circle (see Figure 6.3-1). The first and last values of r. , c  and 

z.j    respectively, have special meaning, e.  is set to 0° for the symmetric 

semi-circle or - 180* for the asymmetric case, while c» is always set to 

180*. The arc portions represented by c, and t, are each of width Ac/2 

only. Thus, In the following averaging process the results for the c. 

and c~ values are discounted by 1/2 each, resulting in a total weighting 

by all t   of N_ - 1 . 

Since the event of detection is a basic condition on almost all of the 

probabilities to follow, the probability of detection for an encounter, PD , 

is obtained first. From the above consideration, 

X)   FD(0 + .5  ]£  V
c> 

ps>  - 
«Vl C1.C2 

K£-l 

• 
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Figure 6.3-1 Arc Portions Represented 
by c's 
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Then P-»(c) • P (c) is the probability that the bomber ic unaware 
D     u 

and the fighter detects the bomber for the value o^ t  • Summing as before 

0 ovar values of c gives 

£    VE> Vc> + -5   YJ  Ve) pu(c> 
E,tel»c2   £l>e2 

P      *      '    " •   »    (6,3-5) 
» . Ke - 1 

the probability that the bomber is unaware and is detected for an encounter. 

And the probability that the bomber is unaware, given that it it" detected 

for an encounter is given by 

Pu|D    "   Jj     • «•'"« 

For the encounter probabilities of kill let FK* be the probability 

" t that the bomber is killed, given that it is unaware and detected by the 

fighter. Then 

22   PU(OPD(C)PJ(0 + ,5 £) Ptt(OPD(OPj(0 
PK. . _Jii , IL2 , (6t3w.7) 

Similarly, let PKI be the probability that aircraft j is killed, 

given that the bc.rbtr is auare, anu the fighter detects the bomber, and 

aircraft j does not fire; let FK* be the same probability vitbout the 

condition of no firings by aircraft j . Then 

Y)    PD(e)[l - Pu(c)3 P*(e) + .5   ]T)   PD(0[1 - Pu(0]  P»(0 
c^Eltc2 cl»c2 PK* 

(P„ - Pu)   (Nc - 1) 
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for m - 1 and 2 and j - F and B . Notice that Pn " 
p
u " 

P
DU- " 

p |J 

is the probability that the bomber is detected and aware for an encounter. 

Further encounter probabilities are of interest• Let PKF and ?KB 

be the unconditional probabilities of kill of the fighter und bomber, 

respectively* Noticing that the fighter may not be killed without the 

bomber being aware, it follows that 

PKF - PK* PD(1 - Pu|D) t   (6.3-9) 

PKB - PK| PD(1 - PU.D) 4- PKJ PD PU,D  .   (6.3-10) 

Also, let Pep and PgB be the unconditional probabilities that the 

fighter and bomber, respectively, survive. Then 

PSF - 1 - PKF     f        (6.3-11) 

and 

PSB - 1 - PKB     .        (6.3-12) 

These probabilities are of interest in computing the expectations EKB 

*\d EKF (see Section 6.5), 

Let VJr,  n) , PÄ(c) and PKE be the probabilities of kill and 

detection of the bomber on or before it is aware (mnemonics are e, £ for 

early), for 

1) the engagement, 

2) the value of e and 

3) encounter, respectively. 

- 127 - 



• 

0 

The probability Pe(e, n) is obtained from P(fc) for the largest value 

of t    such that 

T(l) < tAWARE 

for the applicable engagement« The other probabilities are 

N 
Pp(e) - (1/N) £ Pe(e, ») , (6.3-13) 
6 n-1 

/,    Pp<6>?e<c) + ,5 22   PD(c)Pe(e) 
c^tlte2             ci»E2 

PKE -  t—^ . (6.3-14) 

Let S.(e, n) , S^(e) and S. be the expected fraction of combat 

;n      time that the pilot of aircraft i spends in a condition such that 0^ > 1 , 

a "sick condition," for 

1) an engagement, 

2) the value of e , and 

3) an encounter, respectively» 

The value S^(e, n) is obtained from each engagement directly, (see 

Section 5.5,10). Then 

N 
S.U) - (l/K) £ S,(e, n)  t        (6.3-15) 

n-1 

and 
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f efex,c2 el»e2 
S f i « F, B  (6.3-16) 

Bince the occurrence of engagements at an £ is given by Pj_>(0 • 

In the above manner various measures of the performance of each 

aircraft in an encounter are obtained from the results of each engagement, 

6.4 A Measure of Effectiveness 

In an attempt to develop tactics employed by the combatants in an air 

duel, one must evaluate the performance of the combatants in light of their 

objectives. To evaluate this performance various measures of effectiveness 

are employed. Yet quite often these measures do net reflect the objectives 

of the combatants. For example, to maintain that the probability of killing 

the target is of utmost importance is to neglect the survival of the air- 

craft for use against future targets. On the other hand, to maximize the 

survival probability Is to neglect the purpose of engaging the enemy. In 

short, what is needed here is a concept that encompasses both probabilities 

of kill and survival; a trade-off between the two. Such a concept is 

E£n/ , the expected number of targets an aircraft will kill over a useful 

life of at most n sorties. The expectation involves the concept of 

killing the enemy while placing importance on survival so *s to kill other 

enemies in the future» The present section derives this expectation. 

Consider an aircraft which will fly n sorties if it survives the 

enemy defenses, (For various reasons such as maintenance, obsolescence, 

replacement, end of war, accidents, etc, an aircraft may not fly more than 
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n sorties even in the absence of enemy defenses«) Let the probability 

that the aircraft survives the duel on the first sortie be Pg « Then the 

probability that the aircraft lives to fly the second sortie is Pg . By 

"flying a sortie" is neant that the aircraft at least starts the soitie 

and gets into combat« The probability that the aircraft fHes the third 

sortie is P. times the probability that it survives the second sortie, 

or Pg « Hence, by induction the probability that the aircraft flies the 

kth sortie is Pg"1 , Thei 

in n attempts is given by 

k   sortie is Pg  , Then E*n' t the expected number of 6orties flown 

J 

Esn> " l + ps + ps + ••• + *Tl   •  (6,4"1) 
or 

(n) 

1-P 

1 - Pi 
• If PS<1  . 

. if Ps-1  . 

(6.4-2) 

On each sortie let the probability the aircraft kills its encny in the 

air duel be Pg « The expected number of enemies killed is 

4*     "- *v *in) 
KT     K S 

(6.4-3) 

Utilizing the previously defined notation, let EKB be the expected 

number of bombers killed in n* attempted sorties by the fighter. Then 

EKB (6.4-4) 

n* PKB  , otherwise 
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Let EKF be the corresponding expectation for the fighter, 

1-Pn* 1  *SB 

EKF 

PKF - —  f  if PSB < 1  , 

*-*SB 

(6.4-5) 

.;* PK?  , otherwise    • 

Under certain conditions emphasis may be placed on the probability of kill 

of the enemy as a relevant measure of effectiveness: Indeed, if killing 

the enemy is of utmost importance and the future matters not, then n* « 1 

.nd 4« - PK. 

6.5 Computational Considerations 

In this section the concern is with the method in which the various 

probabilities derived above are computed» 

The individual engagement probabilities, PT(cv n) are computed in 

the P• Routine (see Volume III, page A3). In tnis routine the quantity 

p(t)  is computed as the product of x , y and P, (MI(t), i) where x , y 

correspond to q(i) , y(£) , respectively as defined in Section 6.2. A 

further consideration is to identify the end of the list of T(&) values» 

The precise number of firings, z  , for a particular engagement is in fact 

not calculated in the program. However, prior to the engagement all values 

of T(*) are 6et to zero. Hence, since a firing cannot occur at t • 0 , 

a zero value for some T(£) indicates the end of the list has been reached. 

The remaining portions of this routine are either self-explanatory or follow 

the derivations above» 

The CALCULATE GRID DATA Routine (see Volume III, page 44) is the 

routine fron which the Pj routine is called. The other purposes of the 
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routine are 

1) to distinguish between aware and unaware cases, and 

2) to set the single shot kill probabilities, P.(MIS, i) , either 

to their input value or to zero according to the value of xa , 

The purpose of the CALCULATE e DATA Routine (see Volume III, page A4) 

is to compute the probabilities P*?(e) independent of each grid-point. 

It, therefore, calls the CALCULATE GRID DATA Routine while iterating on 

the grid-point values, and performs the indicated summation. Near the end 

of this routine the sum is divided by the appropriate number of cases found» 

It is well to note that the value of 2,0 is assigned to probabilities that 

are undefined because no cases occurred. For example, if the bomber was 

unaware for all the grid-points of some value of e f the P?(e) will be 

set to 2 for m • 1, 2 and j « 1, 2 , This is done so that such conditions 

may be readily identified. 

Finally, the CALCULATE UNCONDITIONAL DATA Routine (see Volume III, 

page 45) is executed. Here the encounter probabilities and expectations 

are computed exactly as derived above. 

The total DATA PROCESSING Model is executed by the EXECUTIVE Routine - 

DPM, (see Volume III, page 42), The purpose of this routine is to call the 

two input routines which retrieve the information from the en£a;»cr.ents and 

then to iterate on the various values of e while calling the other routines 

as needed. 
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SECTION 7 

DEFINITIONS 

7.1 Introduction 

Section 7 Is intended primarily for reference. Section 7,2 defines 

all symbols used in the IIJW charts and the text, although the symbols are 

also defined where introduced in the text« The units associated with a 

variable are included, both for clarification and for use in setting input 

values• 

An "I" after a definition means that this variable is an input to the 

model, A "C" means the variable is internally computed. This can be 

useful when reading the flow charts, as some variables which abstractly 

seem to be "inputs" are actually computed from other values. Variables 

used only in the text for model discussion have a 1) after their definition. 

This list is repeated in Volume III, Section 7, 

Also included in this l.st is the FORTRAN symbol associated with 

each variable where appropriate. These symbols do not include the sub- 

scripts of subscripted FORTRAN symbols nor do they Include the arguments of 

FORTRAN functions. 

Section 7,3 discusses some input restrictions, 

7.2 Definition List 
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0 Symbol 

A 

ai 

ACTIVE 

aDEC(1) 

A„(i) 

Definition 

An index with values of 0 and X  indicating 
respectively that the bomber war, unaware or 
aware during an engagement. Also used in text 
for the area within which the bomber flies 
during the search, (C) 

The area swept but by the fighter's detection 
pattern during its search. ' (ft2) 

2 
The acceleration of aircraft i , (ft/sec ) (C) 

A logical variable that takes values of YES and 
NO (or, equivalently, TRUE and FALSE) indicating 
whether or not an aircraft has active information 
from optical or detection radar, (C) 

The input deceleration of aircraft i , 
Cjjj-Q(i) must be input as a negative number» 
(ft/sec2) (I) 

The input parameter of the decreasing lag course 
function of aircraft i • This is the angle that 
aircraft i will try to lag by vhen its enemy is 

Fortran 

1A 

A 

ACT 

ADEC 

AM 

flying pure pursuit and X^ « 0 (deg) (I) 

B< 

CL 

DIV 

An index identifying the aircraft designated 
as "bomber," B always equals 2,  (I) 

An index with values 0, 1 indicating the 
pilot's sickness state,  (C) 

A flow chart symbol used to indicate the 
general maneuver of Circle» 

A flow chart symbol denoting a general 
Circle Lost maneuver; i,e,, lost Information. 

The distance traveled by the bomber during 
the fighter's search,  (ft) (I) 

A temporary computation used in the Data 
Processing Model,  (C) 

IBMR 

BIKDEX 

DIV 

1) Used in text only, 

- \ 
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Symbol Definition Fortran 

D(k, i)        An index indicating the general maneuver to       D 
be performed by aircraft i when in infor- 
mation state k ; 0 * evasive maneuver, 
1 * aggressive maneuver,  (I) 

e The base of the natural logarithm  • EXP 
2,71828 ,... 

EKB, EKT       The expected number of bombers killed by «        EKB 
fighter over its useful life, (C) 

EKF The expected number of fighters killed by a       EKF 
bomber over its useful life,  (C) 

ESB A temporary calculation of the expected  *        ESB 
number of sorties completed by the fighter,  (C) 

Eg A flow chart symbol used to indicate the 
general maneuver of Evade by Circle, 

E, A flov; chart symbol used to indicate the 
general maneuver of Evade Linearly, 

Es Specific energy,1* (ft) 

Egn' The expected number of sorties completed in 
at most n attempts, ' 

ENV SW(MIS, i)  A switch which when ON, or TRUE, indicates that    ENV SW 
aircraft i has fired a weapon of type MISj 
otherwise the weapon type has not been fired 
and the variable has a value of OFF, or FALSE,  (C) 

F The segment Y* times the ratio of the FSMALL 
bomber's velocity to the relative velocity; 
F is used in the computation of Pp(e) •  (ft) (C) 

F An index identifying the aircraft designated      1FTR 
"fighter," F always equals 1.  (C) 

f, , f Oxygen flow leaving and returning to pilot's 
brain. Functional notation in text is made 
explicit in flow chart, ' (sec""*) 

g. , g An arbitrary nunber of g's pulled, ' 

GX » G2 » G3    The tnree lcvcls of target's total g's for which   GT 
the weapon envelopes are input,  (I) 

Gn(i) An index with values of 0, 1 indicating rcspec-    CB 
tively that the degree of oxygen debt of the 
pilot of aircraft i will not or will affect the 
maneuverability of his aircraft by limiting the 
g's of his aircraft,  (I) 
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Symbol 

G, 

Gi(V) 

8*00 

6MIS(i) 

Gp(i) 

1A(1) 

ICAN(i) 

ID 

ISHIFT 

ITEMP(i) 

Definition 

The number of total g's being sustained by 
aircraft i •  (C) 

The ßtructural or aerodynamic limit of total 
g'c for aircraft i as a function of its 
velocity.  (I) 

The total g function of velocity for aircraft 
i at which the specific power function is zero. 

Note if g±(V) > GJ (V) then for that V g^V) 
is unattainable and G|(V) should be inputted, 

(I) 

The level of total g's for aircraft i above 
which weapon type MIS cannot be fired from 
aircraft i . (I) 

The maximum number of total g's that the pilot 
of aircraft i is able to sustain,  (1) 

lne altitude of the simulated engagements; 
used as an identifier only,  (ft) (I) 

Indices that take on values of F and B 
and do not have the same value. These symbols 
always indicate an aircraft and nothing else, (C) 

Fortran 

The aircraft that fired the I 
an engagement,  (C) 

th weapon in 

An index with values 1, 0 indicating respec- 
tively that aircraft i's firing of any 
weapon is or is r.ot being delayed in an 
engagement co as to get to a better position 
at the time of firing,  (C) 

Identifying titles of the combatants for 
printing purposes,  (I) 

An index with values 1, 2 and 3 indicating that 
the first, second or third value of tn(*) is 
assigned to At (C) 

An index with values 1, 0 indicating respec- 
tively that aircraft i docs or does not have 
IFF,  (C) 

An index with values 1, 2„   ,,,, 11 indicating the 
information state of an aircraft,  (Also used 
throughout as an arbitrary index with integer 
values; when used as such it is defined in 
context,)  (C) 

GBIG 

GMAXT 

GMIS 

GP 

1! 

I, J 

IAFIRI 

ICAK 

ID 

ISHIFT 

1TKMP 

K 
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r 
Symbol 

k(MIS, i) 

m 

MI(t> 

MIS 

N 

NUIND 

Definition 

The k state of aircraft i (C) 

Symbols used to describe the slope of the 
DEL Pursuit Cqurse function.1' 

A counter of the number of weapons of type 
MIS fired fron aircraft i .  (C) 

One greater than the total number of weapons 
that may be fired by both aircraft; 

L - 1 + li    hllS N(MIS» *> 

A flow chart symbol used to indicate a Linear 
course« 

An index giving the order in which weapons 
were fired in an engagement, t <L - 1 , (C) 

An index with values I, 2 indicating whether 
firing by one or both aircraft is permitted, 

» , PKm , etc.  (C) 

th 

Used in P• . PK1" , etc. 

The MIS identification number of the A' 
weapon fired in an engagement.  (C) 

The identification number assigned to a weapon 
type, MIS takes values of 1, 2. ,,,, n (i) .  (C) 

An index identifying the position, velocity and 
information (k) state of aircraft i .  (C) 

The number of grid-points or points of initial- 
isation for each c . (I) 

An index with values 1, 2, •••-, N indicating 
the grid-point number under consideration. 
Also used in' text for other purposes but alvays 
so identified.  (C) 

An index with values of 0, lf 2 indicating the 
mode of operation of the tracking rtdar of k>:ch 
aircraft. (I) 

Fortran 

KPRT 

KOUNTR 

LCAP 

LLITL 

Ml 

MISTPI 

MIS 

IMSTAT 

IGRIDP 

KUIND 
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Symbol 

•WtD in 

H (e) 
u 

N. 

n' 

n* 

N(MIS, i) 

Definition 

The number of distinct weapon types carried 
by aircraft i • (I) 

The number of grid-points in which the bomber 
was unaware for a given e •  (C) 

The total number of e values used in 
an encounter, (C) 

An index used to compute the variabler; x 
and y ,  (C) 

The maximum number of sorties by each 

aircraft,for the calculation of EKB and 
EKF ,  (I) 

The total number of weapons of type MIS on 
aircraft i . (C) 

A variable indicating the amount of "oxyp.en 
debt" of the pilot of aircraft i incurred 
by pullins g's over a period of time, (C) 

A flow chart symbol used to indieste the 
general maneuver of Pursuit, 

Represents "pursuer1' in text (often used as 
subscript), ' 

Fortran 

NM 

NU 

REPS 

NT 

YN 

NUMIS 

OXDEBT 

PASSIVE 

PKB 

PKBGD 

PKE 

PKF 

PKFGD 

A logical variable that takes values of YF.S       PASS 
and NO or TRUE and FALSE indicating whether 
or not an aircraft has passive information,  (C) 

The probability for an encounter that the        PKB 
bomber is detected and killed,  (C) 

The probability that the bomber is killed PKBGD 
given detection for the encounter,  (C) 

The probability that the bember iofiiecectt^!       PKE 
and killed at or before the tine it becosflcs 
a^.'are for an encounter, (C) 

The probability for an encounter that the        PKF 
fighter detects the bomber and the fighter 
is killed,  (C) 

The probability that the fighter is killed,       PKFGD 
given detection for the encounter,  (C) 
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r 
Symbol Definition Fortran 

PKG The probability that the bomber is killed after    ?KG 
it becomes aware,given that it survived to the 
time of its awareness for an encounter, (C) 

PKL The probability that the bomber is killed after    PKL 
it becomes aware and it survived to the time of 
its awareness for an encounter.  (C) 

FD The probability of detection of the bomber,  (C)   PDD 

Ps Specific power,1' (ft/sec). Also probability 
of survival of an aircraft,1' 

PgB The probability for an encounter that the bomber   PSB 
survives,  (C) 

Pgp The probability for an encounter that the fighter  PS 
survives and detects the bomber and the bomber is 
aware of the fighter,  (C) 

P The probability that the bomber is unaware for     PUU u 
an encounter,  (C) 

P(fc) The probability that the target is dead just     P 
after the *tn weapon hits its target in some 
engagement,  (C) 

p(£) The probability an aircraft is killed by the 
itn weapon only,1' 

PS(i) An index indicating the capability of the passive  IPS 
receiver of aircraft i ; 0 implies no capability, 
1 implies the ability to detect the presence of 
another aircraft but not the position, and 2 implies 
the capability of 1 with the ability to distinguish 
the hemisphere of the source,  (I) 

P,(j) An index that when set to zero will require air-   PI 
craft j to turn its tracking radar on for one 
time pulse only when launching a weapon,  (1) 

P2(i) An index with values 1 and 0 indicating respec-    P2 
tively that aircraft i has or has not activated 
its tracking radar, (C) 

PV(x) A function that gives the principal value of its   PV 
angular argument• (rad) (C) 

P(x, y)        Probability distribution of bomber's (xf y) 
coordinates during search, ' 
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•      » 

0 

Synbol 

PU/D 

PD(0 

fyo 

PiCv, ß) 

PKj 

PK 
j 

PK' 

p;<e) 

*$U> 

pjw 

Definition 

The probability that the bonber Is unaware, 
given that it is detected for an encounter«  (C) 

The probability of detection of the bomber 
by the fighter for some e • (C) 

The probability that the bonber is unaware 
of the fighter for ;ome value of e • (C) 

The specific power function of aircraft 1 
at velocity V and turning rate 8 , (ft/cec) (I) 

The probability that the bonber is killed, given 
that the bonber is detected and unaware for 
an encounter, (C) 

The encounter probability that aircraft j is 
killed, given that the bonber is detected and 
aware and that aircraft j does not fire,  (C) 

The encounter probability that aircraft j is 
killed, given that the bonber in detected and 
aware. (C) 

The probability for a given e that the bcnber 
is killed, given that it is detected and unaware« 

The probability for a given e that aircraft 
J is killed, given that the bonber is detected, 
aware and that aircraft j does not fire,  (C) 

The probability for a given t    that aircraft 
j is killed, given that the bomber is detected 
and aware,  (C) 

Fortran 

PÜPD 

PD 

>. 

PU 

PEEU 

FK2B 

PKK 

PKK 

PZ 

PK 

PK 

Pc(e) 

Pj(s, n) 

Pj(e, n) 

The probability that the bonber is killed at or    PCCEPS 
before the tine it becomes aware for sone c •  (C) 

The probability for a given c and grid-point     PPZ 
n that the bcnber is killed, given that it is 
detected and unaware« (C) 

The probability for a given e and grid-point     PP 
n that aircraft j is killed, «iven that the 
bcnber is detected and aware ard that j docs 
not fire, (C) 

Pj(e, n) The probability for a given e and grid-point     PP 
n that aircraft j is killed,given the bonber 
is detected and aware« (C) 
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r: 

Symbol 

Pc(e, n) 

P^OßS,  i) 

Pk(MIS, 1) 

q(0 

Q(X) 

R 

r 

Ri 

Ri   » R' 

in 

Rf(l, i)  , 
R,(2, i) 

RFLOO?-(MIS,   i) 

Definition 
• •I   »«••«  

The probability that in an engagement the 
bomber is killed et or before the tine it 
becomes aware« (C) 

The probability of kill of weapon type MIS 
on aircraft i • (I) 

The probability of kill of weapon type MIS 
on aircraft i ; set to the input value, 
p£(MIS, i) , or to zero. (C) 

The quadrant of the point B on the fighter's 
detection pattern,  (C) 

The quadrant of the point C on the fighter's 
detection pattern« (C) 

The probability both aircraft are alive at 
tine T(t) ,W 

A function that gives the quadrant of the 
angle X , (C) 

The range between the two aircraft, (ft) (C) 

The range of the detection capability of the 
fighter; r is set to RDET(F) 

if this is 

not zero and to RQPX(
F
) otherwise. Also 

used in text for the Y* projection against 
& stationary target, (ft) (C) 

A variable used to indicate whether the 
tracking radar is turned on.  (ft) (C) 

1; Distences usea in describing steady state. ' (ft) 

An override initial range that will act so as 
to shrink the detection range to rj_ • 
(ft) (I) 

The first end second values respectively that 
will be assigned to R*(i) , i.e., before and 
after the opponent become«? aware, (ft) (I) 

A superimposed minimum boundary of weapon 
type MIS such that the weapon type May not be 
fired from aircraft i whenever the range is 
less than RFW>0R(M1S, i),  (ft) (I) 

Fortran 

PCCEPN 

PKP 

PK 

QB 

QC 

R 

RSMALL 

RI 

RANGE 

RPRIME 

RFLOOR 
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v  . 

'4 

Syr.bol 

RNOl.'(i) 

RTEST(l) , 
RTEST(2) 

RpAS(i) 

RQPT(i) 

RIFF(i) 

^nin 

RMIS 

RMIS 

MV °b» 
MIS, i) 

R2<va» °b» 
MIS, i) 

MVa» cb» 
MIS, i) 

Ri(va» °b» 
MIS, 1) 

*2<V *b» 
K1S, i) 

R3<Vn> °b» J MIS, i) 

Definition. 

The range at which aircraft i nay commence 
to fire at an unaware enemy; against an unaware 
tarpetj firings by aircraft i are postponed 
until within a range of R < P:;0\:(i) , (ft) (C) 

The ranges at whicu At will change values 
from tn(l) to tD(2) and from tD(2) to 
tD(3) respectively, (ft) (I) 

The range of the passive detection capability 
of aircraft i , (ft) (I) 

The range of the tracking radar of aircraft i • 
(ft) (I) 

The range of the optical capability of aircraft 
i . (ft) (I) 

The rr .p,e of the detection radar of aircraft i • 
(ft) (I) 

The ran*e of the IFF capability of aircraft i , 
(ft) (I) 

A minimum range which will terminate an encase- 
ment; R < Rmin causes termination of an 
engagement« (ft) (I) 

The minimum range of some weapon type, (ft) (C) 

The maximum range of the weapon envelope of some 
weapon type, (ft) (C) 

The outer weapon envelope of weapon type MIS 
on aircraft i associated with a velocity of 
V0 , an angle-off of o^ for a value of target 
gVs of Gx . (ft) (I) 

The same as Rj,(V-| ot, MIS, i) but for a target g 
level of G2 . (ft)(I) 

The sane as R^CV-, ob„ MIS, i) but for a target g 
level of G3 . (ft) (I) 

The inner envelope limit of weapon typr. MIS on 
aircraft i for an average velocity of Vn and 
angle-off of ob for G(l) total target g's. (ft) 

The sane as R{(Va, c,, MIS, i) but for a target g 
level of G., . (ft) (I) 

Fortrt-n 

RKOW 

RTEST 

RPAS 

RTRK 

ROPT 

RDET 

RIFF 

RMIN 

PJ1ISP 

RMIS 

RF1T 

RF2T 

RF3T 

PI1PT 

(I) 

RF2PT 

The erv.e as R{(Va, c-0> MIS, i) but -for a target r, KV3PT 
level r»C G3 . (it) (I) 
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Symbol 

r 
R*(i) 

V» 
R(*j) 

84(c) 

S1(c, n) 

ST(i) 

sgn(x) 

pefinitiop, 

The rate of change of the range; 

R - dR/dt 

Fortran 

(ft/sec) (C)   RDOT 

RANGUN 

RPHIJ 

The ranee which aircraft i will attempt to      RSTAR 
attain when in the rear of its enemy« (ft) (C) 

The range of the tail gun of aircraft i • 
(ft) (I) 

The maximum range at which aircraft j can 
fire any weapon when approaching an unaware 
target from the rear, based on the speeds of 
the aircraft and tracking angle of the pursuer. 
It assumes the target flies linearly. This is 
also used as the name of the routine that calculates 
R«,j) . (ft) (C) 

The expected fraction of ttfAX tnat the pilot    TliiSIC 
of aircraft i will spend in a "sick" condition, 
0^ > 1 , for an encounter. Also used to represent 
the total amount of tine that the pilot of aircraft 
i spends in a sick condition,  (In latter case» sec)(C) 

The expected fraction of t;j^x that the pilot    SICEPS 
of aircraft i will cpend in a "rick" condition 
for some value of e ,  (C) 

The fraction of t»^ tliat thc pilot of aircraft  SICTIM 
i spends in a "sick" condition during an engage- 
ment defined by c and n • (C) 

An index, indicating thc general maneuver of       1ST 
aircraft i ; (C) 

0—»>clrcle 
1 •linear flight 
2——•>pursuit course 
3—»circle, lost information 
A—* evade 
5—*-evadc, lost information 

An estimate of the amount of change in range      S 
when decelerating at a constant rate from some 
velocity to V0 at a rate of a^gd) • (ft) (C) 

'..'he signature function of the argument x 5  (C)  SGI» 

sgn(x) 
- 1 

if x > 0 , 

Otherwise, 
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•Wl*»» • 

3 

s 

S(MIS, i) 

t 

•AWARE 

-LAST 

max 

•tain 

tPRT 

tD(2) , 

tD(3) 

tc(i) 

t(MIS. i) 

* 

pcfinltion yortron 

An Index with values of 0, 1 indicating. Sr 
respectively that the degree of oxygen debt 
of the pilot of aircraft i will not or 
will effect1 the firing of weapons by retarding 
such firings» (I) 

An index with values of 1 and 0 respectively      S 
indicating that aircraft i has or has not 
fired weapon type MIS,  (C) 

Represents "target" in text (often used as 
subscript)," 

The amount of time since initialization of       T 
an engagement. (sec) (C) 

The time of flight of all weapons,  (sec) (1)     TF 

An arbitrary time prior to T(£) ,*' Also 
used in text as a time prior to detection, (sec) 

The time at which the bomber became aware of      TAUARE 
the presence of the fighter• (sec) (C) 

The duration of tine of an engagement, (sec) (C)  TLAST 

The maximum amount of combat time allowed for     TMAX 
a single engagement« (sec) (I) 

The amount of time required to ela.pre after       TM1N 
which a Ions of information by both combatants 
will terminate an engagement« (sec) (I) 

The amount of time until the ne:<t printout of     TPRT 
each aircraft's relevant parameters, (s«;c) (C) 

The first, second and third values assigned       TDELTS 
At at various transitions during an encasement, 
(sec) (I) 

The maximum amount of combat time allowed for     TC 
aircraft i , (sec) (I) 

The time at which aircraft i fired the first    THIS 
weapon of type HIS« (eec) (C) 

The time of the last firing of a weapon of typt    TLASTF 
MIS from aircraft i . (sec) (C) 

The amount of time between printouts of the       TSTAR 
combatant*' relevant variables« (cac) (I) 
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HPi***. .»*• 

c 
Svr.bol 

T(0 

Definition 

,th The tine at which the lu" firing took place 
during an engagement, (sec) (C) 

Aircraft spec4, used in the input tables for 
launch envelopes and for energy-maneuverability, 
(ft/sec) (I) 

The speed for aircraft 1 which would make the 
range rate, R , equal zero, subject to 
V0 >  Vc(i) , (ft/sec) (C) 

V 

v0(i) 

V*(i) 

vc(i) 

w« 

XPHI 

An 
S 
n arbitrary speed used in the distance function 
>1'    (ft/sec) 

The speed of one aircraft relative to the other 
at the time of initialization, (ft/sec) (C) 

The speed of aircraft i , (ft/sec) (C) 

The initial speed of aircraft i , (ft/sec) (I) 

The speed at which the sustainable turning 
rate of aircraft i is an absolute maximum, 
(ft/sec) (C) 

The minimum sustainable speed of aircraft 1 • 
(ft/sec) (C) 

The maximum sustainable speed of aircraft i • 
(ft/sec) (I) 

The weight of aircraft 1 , (lbs) (I) 

One axis of the moving coordinate system used 
in the initiation phase,1* (ft) 

A multiplier with values 0 and 1 to change the 
computed angli <<* to 0 or to leave it as is, 

(I) 

The x position of aircraft i in the (x, y) 
inertial coordinate system, (ft) (C) 

A symbol used as the argument of various 
functions. Also used for one axis of the 
inertial coordinate system,1* (ft in latter case) 

Used for temporary computations. (C) 

Fortran 

TFIREI 

VATAB 
VATAG 

VZERO 

VSTAR 

V 

VZ 

VSTR 

VC 

VMAX 

XPHI 

CAPX 

7-13 



wmm<*anMld - •    •*. 

Symbol 

x. 

;i 

u 

Pa 

f i 

'MAX 

lMIN 

Y* 

y* 

y . y<*) 

Definition Fortran 

A temporary calculation of the maximum 
turning rate of an aircraft when pulling 
the minimum of 
g's. (rad/8ec 

U^\>    and Gi(V1) total 

A temporary calculation of the maximum turning 
rate of an aircraft when pulling Gi(V.) total 
g's, (rad/cec)2) 

A temporary calculation of the probability that 
both aircraft ere alive at the time of firing 
of the l*h weapon, (C) 

Temporary computations of the future position 
of aircraft i . (ft)2) 

One axis of the moving coordinate cystera used 
in the initiation phase,1)  (ft) 

One axis of the inertial coordinate system,"' (ft) 

The relative Y coordinate of the bomber at 
the beginning of the engagement* (ft) (C) 

The upper limit of the segment Y* in the 
(X, Y) coordinate system (used in Initiating 
engagements), (ft) (C) 

The lower limit of the sclent Y* in the 
(X, Y) coordinate systepi (used in initiating 
engagements),  (ft) (C) 

The normal projection of the fighter's detection 
pattern onto the Y axis in the (X, Y) coord- 
inate system at the beginning of one engagement, 
(ft) (C) 

The steady state speed, (ft/sec) (C) 

A temporary calculation of the probability 
that aircraft j survived any weapons that hit 
between the firing and arrival of the ltn 

weapon•  (C) 

A parameter used in determining the detection 
contour for some e , (ft) (C) 

a parameter used in determining the dctpction 
contour for some e , (ft) (C) 

2) Used in flow chert only. 
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YG 

YMAX 

YMIN 

YSTAR 

YNEW 

Y 



• • 

Symbol 

r yi 

ll  • u2 
l3  » °A 

*, 

aß(i) 

°MAX(i) 

ftms<1> 

( 

L 

aDET(i) 

aIFF(i) 

o0pT(i) 

apAc(i) 

aTRK0) 

h 

Definition 

The y position of aircraft i in the 
(xf y) inertial coordinate system,  (ft) (C) 

Temporary calculations used to compute the 
weapon launch envelopes• (ft)2' 

Used to describe DEL course," (rad) 

The rate of change of a. ;    (rad/sec)» (C) 

ai ** daj/dt      * 

The half»angle defining the tail ßun capability 
of aircraft i measured fron the tail of the 
aircraft,  (dec) CD 

The internally computed parameter of the DEL 
function of aircraft i •  (rac') (C) 

The half-angle of the cone in which aircraft 
i must be tracking its enemy in order to 
fire weapon type MIS,  (deg) (I) 

The tracking angle of aircraft i , measured 
from the inner line of sight to the velocity 
vector of the aircraft,  (rad) (C) 

The half-angle of the detection radar cone of 
aircraft i . (deg) (I) 

The half-angle of the IFF capability of 
aircraft i •  (deg) (1) 

The half-angle of the optical capability of 
aircraft i , (deg) (I) 

The half-angle of the passive detection capa- 
bility of aircraft i measured off the tail of 
the aircraft,  (deg) (I) 

The half-angle cf the tracking radar cone of 
aircraft i .  (deg) (I> 

The turning rate of aircraft i . (rad/scc) (C) 

The angle of aircraft i's heading measured 
from the x axis,  (rad) (C) 

An angle used in defining tl e initial positions 
of the aircraft• (rad) (C) 

Fortran 

Y 

ALPDOT 

ALPGUN 

ALPMAX 

ALPMIS 

ALPHA 

ALFDET 

ALPIFF 

ALPOPT 

AIPPAS 

ALPTRK 

BETDOT 

BETA 

GAMMA 

' Used in flow chart only, 
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•HNNNMU UM«,. 

• 

Symbol 

Act 

At 

AY. 

Ae 

°B 

Definition fortran 

The density of fighters assinned to en art a       DELTA 
for search purpose:;; used in computing the 
probability of detection, Pn(c) , (If2) (1) 

The change in a in one time pulse.1' (rad) 

The incremental tine slice oZ  sinulatjon — a     DKLTAT 
time for which rate of change, ft , 6 , etc., 
are assumed to be constant in the integration 
of the. equations of motion,  (sec) (C) 

The change in the value of Y  for different     DLLTYG 
grid-points, (ft) (C) 

The chang« between t    values for various sets    DELEPS 
of grid-points. If input to a value greater than 
18CP the program will execute only one valei of 
e . (dcC) (I) 

The anfle between the velocity vectors of the     EPSJ.ON 
combatants Measured fro:n the lighter to the 
tomb er at the time of initialization. Also ut>ed 
to indicate the Index of a perticular value of e 
in summation». (In special cares this pay be 
an input.)  (deg) (C) 

The first and last values respectively of e , (deg)(C) EPSL&N 

The desired tracking angle of an aircraft as      ETA 
Computed by the DEL course function« (rad) (C) 

The constant deviate angle flown by aircraft i   LAMBDA 
when inside the $* cone of its enemy,  (de^) (I) 

The angle between the X-axi*' and the. ray from     THETB 
(0V 0) to th<:. point B of the fighter's det- 
ection pattern, (rad) (C) 

The angle between the X»a::ia and the ray from    TKETC 
(0, 0) and the point C en the fighter's det- 
ection pattern, (rad) (C) 

The turning rate of the line of ftifht« (rad/eec)  THEDOT 
(C) 

The angle bet.' ?<?n the vector V* and the heading  EMU 
of the fighter at initialization, (rad) (C) 

3,14159 ... (c) PI 

J 7-16 



I 

I o 

Sy.r.hoJ. 

P 

o(MIS, i) 

T(MIS, i) 

•* 

ftftfj nitron 

The half-nii[;le of the fighter*s detection 
capability; p is set to on^O) if this 
is not zero end to Oopr(P) otherwise, (rnd) (C) 

An eagle Indicating the anj:le-off times the 
sif,n of the direction of turn of the target« 
(rad) (I) 

A counter of the amount of time that aircraft 
i has Epent in the envelops of weapon type 
MIS since the last firing of weapon type HIS. 
(sec) (C) 

The approximate amount of time that aircraft i 
will need to fire a weapon after its trackin? 
radar is activated; used to compute distance 
from R(<{>.j) at wliich to activate its tracking 
radar, (yec) (I) 

A counter of the total amount of time that 
aircraft i has spent in the. envelope of 
weapon type MIS,  (sec) (C) 

The angle off the target of aircraft i j 
measured from the outer line of light to the 
head ins of aircraft j , j j* i , (rad) (C) 

Fortran 

SIGB 

SIGMIS 

TAU 

TAUMIS 

PHI 

(rad/scc) (C) PK1P0T The rate of change of $. ; 

i±  -  MJte 
The half-angle of the cone in the rear of a target HtlSTR 
aircraft within which pure pursuit is the 
navigation doctrine, if X^  - 0 , (rad) (C) 

7-17 



«feu« 

7• 3 Input, Considera tions. 

• V/hile ATAC-2 vac developed with a general user in mind, cor.pl etcly 

arbitrary inputs are, of course, impossible to handle. Limitations exist 

and considerations must be given to the values of inputs. These consider- 

ations are necessary, in some instances, due to the nature of air-to-air 

combat and in other instances due to the specifics of the program as it exists. 

Below arc listed some of these considerations and limitations under various 

headings, 

. 
7,3,1 rarameter Guidance 

(1) In the program the value of the internal variable R*(F) is 

initially set to the input R*(l, F) . This is the range vhich the 

fighter tries to attain off the tail of an unaware buibcr, before firing 

any weapons. If the fighter can maintain surprise R (1, F) will be the 

range at which the bomber becomes aware by being fired upon. Two cor-sic-er- 

ations, therefore, should be observed when selecting a value for R'(lt F) , 

Firstly, this range should be such as to allow firings of fcha more 

lethal weapons of the fighter. Secondly, the range should be such as to 

allow the fighter to stay behind the bomber when the latter beco.ms aware 

and begins to maneuver. This last consideration is very difficult to 

quantify. In general, the ability of the fighv-ir to stay behind a 

maneuvering bomber is a function of both velocities both turning rates 

and both deceleration rates, however, the c3o~er the fighter is to its 

steady state range and its a.nsociatcd velocity (see Appendix Y) %  if it 

exists, the easier it will be to stny behind the benber. 
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(2) The range U*(i) , input as R'(2, i) , represents the range 

at which aircraft i would like to be off the tail of its enemy so as to 

be able to fire its shortest range weapons, usually guns, while the enemy 

is maneuvering. The selection of this parameter is influenced by the 

capability of this shortest range weapon, However, the maneuverability 

of both aircraft must be accounted for. In Appendix F it is shown that 

selection of R*(i)  (or a steady state rang*) has implications on other 

p' 'ameters as veil, namely the velocity and angle-off associated with 

R*(i) * Thus, if possible these considerations (the values of R*(i) 

that allow weapon firings and the values of R*(i)  that allow steady 

state conditions to obtain) should be combined to arrive at a realizable 

R*(i) whenever possible. 

It should be noted that R;<(i) originally takes on an input value 

R'(l» i) which in the case of the fighter, is the range at which it may 

begin firing. Once this range is achieved, it then closes to this close 

range R!(2, i) • 

(3) The length of the time pulse At Influences the running time 

of the computer program. The running time is inversely proportional to 

At • He over, as At increases some singularities occur. For exampl", 

the path of an aircraft nay crors a launch envelope from one pulse to 

the next, without being in the launch envelope at the beginning of a 

pulse, A possible firing will be missed. Also, since the method of 

numerical integration in the model assumes that the. tine derivatives of 

the relative parameters are constant for a period of time At , the length 

of  At should be kept fairly small. The error due to this assumption is 

inversely proportional to R , The assumption is therefore worte for 
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smaller values of range; hence the capability in the program to decrease 

the length of At as the range gets smaller. Typical values for At are: 

tD(l) « 5.0 sec. 

tn(2)    •=    2,0 see. 
9 

*TWlW 
tn(3)    »    ,25 sec. 

• 

7.3.2    Model Loj*ic 

RTEST(1) « 100,000 

70,000 

The following are logical restrictions of the model, i,e,, the 

violation of them will affect the logic of the model: 

1, All calculations involving Bnrp(i) assuuie an r^sociatcd 

negative value; hence a^^Ci) mist be inputted as less th?m 

. 

or equal to zero, 

2, IFF is necessary before firings can take place; a1Fp(i) and 

Rjj,j,.(i) must, therefore, be non~?.ero if aircraft i is to 

fire its weapons, 

3. Each aircraft may obtain active information c ily from either 

its detection radar or optical system. An extension of tracking 

radar coverage over that of the detection coverage adds n< 

capability. To avoid confusion and false interpretation 

the tracking pattern should be contained within the detection 

pattern: CUgg($) £ •MCT^ rnc' F
1RK^ - RDET^ • 
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0 
being prohibitive, any value greater than or equal to G.(V) 

may be used for g. (V) at that V • The progr.m will select 

the miniraun of the two when appropriate. 

) 

6« The tail gun of aircraft i is assu-aed to be weapon number 

n (i) , the last weapon. Further n (i) may not be zero. 

The capability and hence the effect of the tail gun may be 

negated by setting Rc(i) and o (i) to zero, or setting 

N(««(*)» i) to zero. lu   ' 

7,3,4 Program Restrictiofls 

The following are restrictions that exist in the current program« 

They arise fron computer space allocation considerations. To chcn<;e then, 

however, may require significant programming effort. 

A, The number of angular values for which the weapon launch 

envelopes are input must be between two and fifteen inclusive, 

5, Since the number of c values considered will be 180*/ae 

or 360°/Ae , ae rust be greater than or equal to 30° if 

PS (p or r») •» 1 and greater than or equal to 15c, otherwise« 
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5,    Whenever    gj(V)    is unattainable due to the value of    G.(V) 

1 

1, The number of weapon types must be no more than six: nm(i) < 6 , 

2« The number of grid-pointe for one e must be limited by 

twenty: N < 20 , 

3, The number of speed values for which the weapon launch 

envelopes art» input must be either 2 or 3, 
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C INTRODUCTION 

Consider a fighter searching an area for enemy aircraft« The 

fighter's purpose is to detect, engage and destroy the enemy, When an 

enemy is detected the fighter tries to maneuver to an advantageous 

positioi. frou which to press the attack, launch its weapons and accomplish 

the mission unscathed. 

The development of the Double Search Mode was prompted by an Interest 

in the case in vrhlch the enemy is also a fighter on search for the friendly 

aircraft. The bulk of the model is the same as the Single Search Kode ' 

with one najoi conceptual change, 

( 

The Single Search Mode of ATAC-2 treats combat that arises when a 

fighter searches for a bomber, The bomber is docile until it becomes 

aware that an enemy aircraft is attacking« Thereafter the bomber becomes 

aggressive as well, 

A characteristic of the Single Search Mode is, then, that the fighter 

must detect the bomber for combat to take place. But while the outcome 

of air-to-air combat depends on many factors, generally the aircraft which 

detects first gains a decided advantage. The terns of the ensuing battle 

are usually more readily controlled by that aircraft which detects first. 

Thus the Double Search Mode requires changing the Single Search Mode to 

include a method by which either aircraft could first detect its enemy. 

*        *' Karris, T, J,, B, J, Jacobs, VJ, J, Strauss, fllphter y»t figfttefc Combat» 
*~ /gAfe^Hodelt Single Search, Volunea I, II, III and XV, Ceywciod^Sehillcr, 

. Associates, September, 1907, 
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It is insufficient simply to run the Single Search Mode twice, once with 

one of the aircraft used as the fighter, and once with the other aircraft 

as the fighter« Cases would arise when the "bomber" should detect first, 

but does not react immediately. Some of the kill probabilities, therefore, 

would be different. 

Once detection occurs, the model traces through the ensuing sequence 

of events by means of e deterministic, time slice simulation. No Monte 

Carlo processes are involved. The model treats the two aircraft alike, 

subject only to the constraints inputted for each aircraft. At any 

particular moment in time, an aircraft may be flying straight, be in a 

turn, cr be on a form of pursuit course. It may be flying at constant 

speed, accelerating or decelerating. Both aircraft (usually) attempt to 

maneuver themselves into positions to fire their weapons, The model is 

dynamic in that at any given time the maneuvers performed, and the times 

at which weapons arc fired by each aircraft, depend on the relative 

position of the aircraft. Further, the maneuver and weapon firings depend 

upon the information each aircraft has about the position and activity of 

the other aircraft at the time. The information made available to an 

aircraft depends on the sensors specified for it. 

The Double Search Mode consists of two major submodels: The ENGAGEMENT 

Model (EK) and the DATA IKOCKSSIKG Model (DPI!). The EM answers questions 

such as: Can either aircraft fire its weapons? If yes, when, which 

weapons and hew often? The El! produces a tir.e ordered sequence of events 

that occur during a dogfight« After detection occurs, th'j EM of the Double 

Search Mode is identical to that of the Single Starch Mode, The DPM 

transforms the sequence into overall battle outcomes such as the probability 

of kill of an aircraft. The Double Search Mode engenders minor changes in 

the DPM, but the model i« essentially the sane, 
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SECTION* 2 

c DETAILS 

<: 

c 

2,1 Introduction 

As indicated previously the main difference between the Singlr and 

Double Search Modes is the fact that in the latter cither aircraft may 

detect initially, thus playing the role of the fighter as defined in the 

Single Search Mode, This is a direct consequence of the assumption that 

each aircraft searches for the other in an aggressive manner. However» 

tactics within an engagement remain unchanged between three modes, since 

the tactics were designed the same for both aircraft in the duel, Only 

the manner in which engagements are initialised need be changed in the 

ENGAGEMENT Model, Changes are required also in the DATA PROCESSING Model, 

To account for detection by either aircraft the Single Search detection 

procedure is exercised twice, once for each aircraft. Then two points of 

possible detection are obtained; one for the first aircraft detecting the 

second and one for the second detecting the first. Then the detection 

point selected to start the engagement is the ouc that occurs first in 

real time. 

One further generalization 5n the detection phase is the following! 

In the Double Search Mode- an aircraft nay detect either by optical sighting 

or by search radar« This is a feature distinct from the basic general- 

ization of the Single Search f'ode. However, the added computation require- 

ments are not severe. What it requires is four possible detection points — 

two by each aircraft, one by radar and one by visual means. The method is 

still simple« The model selects that detection point which occurs first in 

real tine end starts the engage sent there, 
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The changes in the DPM are a consequence of the. manner in which an 

engagement starts. In this report, the event of either aircraft detecting 

the other together with the ensuing combat is called a duel. For convenience 

a duel conditional on a particular c or grid-point is called an engagement, 

A duel unconditional on c is called an encounter. In the Single Search 

Mode a duel starts when aircraft number 1 detects aircraft number 2, The 

probability a duel occurs is the probability aircraft number 1 detects 

aircraft number 2, In the Double Search Mode, however9 an engagement 

starts when either aircraft detects the other. The probability a duel 

occurs is then the probability that either aircraft detects the other. 

Thus, the DPM of the Double Search Node calculates the probability of a 

duel instead cf the probability of detection by aircraft number 1 as in the 

Single Search Mode« 

Before considering more detailed aspects of the Double Search Mode 

a word of caution regarding the subscripts F and B is called for? in the 

Single Search Mode both the fighter (F) and the Bomber (B) are always the 

same aircraft for one run of the model. The labels F and B are set to 

numerical constants in this mode to designate aircraft number I F •» 1 

and B * 2 , However, thib is not the case in the Double Search Mode, 

The detecting aircraft may be either number 1 or number 2, The labels F 

and B must, therefore, be redcFxncd, Accordingly, F is defined as that 

aircraft which detects the other first in a certain engagement, and B 

is that aircraft which is detected in the engagement« For example, in 

one engagement F may heve the value of 2, while B has the value 1, indicating 

that the number 2 aircraft detected the number 1 aircraft initially. It 

is to be noted that F and B nay change values from one engagement to 

another in the Double Search Mode« Reference to i> particular aircraft is 

made enly by way of aircraft numbers 1 and 2, 

) 
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2,2 pcfin it Jons, and Redefinitions . 

In this section the definitions of new symbols required for the 

Double Search Mode are given. Also, symbols used differently here are 

redefined. The method of presentation is the came as the method used in 

Volume II, Section 7 of the Single Search Model [Pef, 1], Previously 

used symbols which correspond to new syrbols are shown parenthetically. 

Item Definition Fortran 

New (Old) / 

B The name given to whichever aircraft IBMR 
(B) (1 or 2) is detected initially in an 

engagement,  (C) 

F The name given to whichever aircraft IFTR 
(F) (1 or 2) initially detects in an 

engagement,  (C) 

g~* IE(n) A code to identify the aircraft that IE 
( ; detected initially for the ntn grid- 

point of e ,  (C) 

IE(n) • 0 —> both detect at the same time 
IE(n) • 1 ~> 1 detects 2 first 
IE(n) « 2 —> 2 detects 1 first 

k An index indicating the ktn detection      K 
pattern, (C) 

k • 1 —• radar of aircraft 1 
k •» 2 —> optics of aircraft 1 
kB 3 •—> radar of aircraft 2 
k » 4 —• optics of aircraft 2 

N.(f) The number of grid-points at c in which    NJ 
^ the jth aircraft detected first or 

simultaneously,  (IE(n) - 0, J),  (C) 

PD(j, e) The probability that aircraft j detects 
initially, given an engagement at c , (C) 

PDJ 

PD(j) The probability that aircraft j detects     PDl 
initially, given an encounter,  (C) 

• 
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Item 

New (Old) 

PE(c) 
(PD(e)) 

PE 
(P,) 

?,(«, a) 

Pj(c) 
P« <«)*?) (e)) 

P*(e> 

pui j (rtc* + PK£) 

PK' 

Y* 

(r) 

(R) 

<**) 

*,   1 
max' 

Y^OO 'nin 

«W 
yB(k> 

<V 

Definition Fortran 

The probability of an engagement at PE 
c . (c) 

The probability of an encounter, (C)       PEE 

The probability aircraft j is killed,      PP 
given an engagement at c  , n , (C) 

The probability that aircraft J is killed,  P 
given an engagement at c • (C) 

The probability that aircraft j is killed,  P 
given an engagement at t    in which that 
aircraft j detects initially, (C) 

The probability that aircraft j is killed, 
given an encounter, fC) 

The probability that aircraft j is killed, 
given j detects initially, (C) 

The range of the ktn detection pattern, 
(ft) (C) 

The range between aircraft when detection 
takes place on the ktn pattern, (ft) (C) 

The length of the segment generated by 
the projections of the four search patterns 
onto the Y-axis at a given e , (ft) (C) 

The upper limit of the Y projection of 
the k*n pattern at a given e , (ft) (C) 

The lover limit of the Y projection of 
the k*" pattern at a given c ,  (ft) (C) 

A control parameter used to establish the 
points of detection on the ktn pattern et 
a given c , (C) 

PKK 

PICK 

RK 

RBAR 

v* 

YMAX 

YlilN 

• \ 

Yc(k) 

SUP 

'GLB 

<V 
A control parameter used to establish the    YC 
points of detection on the kth pattern 
at a given e , (C) 

The upper limit of the Y* segment, (ft) (C) YSIT 

The lower limit of the Y* eegraent.  (ft) (C) YGLB 
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Item 

New (Old) 

k 
(o1) 

(c) 

<p> 

Definition 

The tracking angle of the relevant 
aircraft when detection occurs on the 
kth pattern,  (rad) (C) 

The angle between initial velocity 
vectors measured from aircraft i 
to j , (rad) (C) 

The angle between the initial velocity 
vector of aircraft i and the relative 
velocity vector v* •  (rad) (C) 

Fortran 

ALPBAU 

EPSSUB 

FMU 
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2«3 Discussion of Sinnle Search Symbols 

In thir> section some of the differences between variables of the 

Single Search Mode and the Double Search Mode are highlighted. The 

variables relate mainly to the generalization of the original detection 

process. Throughout this section Figures 2,3-1, 2«3-2 and 2.3-3 will be 

helpful. Figure 2,3-1 is for the case in which aircraft 1 is (tentatively) 

treated as the detecting aircraft» whose detecting capability is to be 

ascertained, V* is relative to aircraft number 1 as shown in the 

velocity vector diagram at the left side of the figure. The right side 

shows the detection pattern (only one for simplicity) of aircraft number 1 

in the same position, with the (X, Y) coordinate system superimposed. 

Figure 2,3-2 is for the same relative geometry except that in this 

case aircraft number 2 is (tentatively) treated as the detecting aircraft, 

and aircraft number 1 as being docile. The top vector diagram at the loft 

of the figure is the same as in Figure 2,3-1, except that V*  in 

Figure 2,3-2 is relative to aircraft number 2, and is, therefore, the 

negative of that in Figure 2,3-1, By rotating the top left diagram 180° 

in the plane of the figure, the bottom left diagram is obtained. The V* 

IF now in the standard position to superimpose the (X, V) coordinate system, 

The right side of the figure shows the detection pattern (only one for 

simplicity) of aircraft number 2 in the 6ame position as in the hotten 

left diagram. The (X, Y) coordinate system is supciimposed, 

As was earlier stated the subscripts F and B are here "variables," 

6et respectively to the aircraft that detected first and the aircraft which 
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V* (2 relative to I) 

Ym.v(D 'max 

,  radar of 
* I/' aircraft 1 

'  \    k - 1 
Av 

* / \ 

 X 

Figure 2#3-l Detection Parameters of 
Double Search Mode 
(2 relative to 1) 

C 

V* (1 relative to 2) 

max 

k « 4 
•^y  optical of 

aircraft 2 

Figure 2,3-2 Detection Parameters of 
Double Search Made 
(1 relative to 2) 
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was detected — the aggressor and the surprised» For one engagement aircraft 

number 1 nay have detected first: F * 1 , B * 2 . However, this nay change 

for the next or some other engagement. To record this information the 

variable. IE(n)  is set to the identification number of the detecting 

aircraft (1 or 2), for the grid-point n • If for sor..? grid-point, both 

aircraft detect at the same time, then the setting of F and B is 

arbitrary. In thi . case F is set to 1 and B to 2, end to identify 

the cace, IE(n)  is set to 0, 

Q 

2,3,2 t4  , VJ 
--* • - * 

In the Single Search Mode an (X, Y) coordinate system is defined as 

moving with the detecting aircraft. Further, the angles p and e are 

defined in that system. Here these parameters are generalized, so that 

p and E relate to both aircraft, since either aircraft may be the detecting 

w      aircraft. The EXECUTIVE Routine produces a value for c (sec [Reft 1], 

Section 5.3) and this value is used to set e  anc'  c , The angles 

t  and e  are the same in magnitude — the angle e between initial 

headings (see Figures 2,3-1 and 2,3-2), However, E« is measured from 

aircraft number 1 to aircraft number 2, while E„ is measured the other way 

i     i 
around. Thus c. *» - E_ , The angle p is generalized. Let P. be the 

. angle between the velocity vector of aircraft 1, V. , and the relative 

velocity vector, V* , (see Figure 2,3-1), Let p, be the nn»le between 

V2 and V* (see Figure 2,3-2), In general,  | p | I* | V^ I • 

2'3'3 > \ °fc 

In Double Search, detection is possible on cither of en aircraft's 

1      sensory patterns — optical or rodar. Four sets of p&r&actcrs arc required 
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to define the four patterns, two for each aircraft. Thus, whereas the 

range of the detection pattern, r , and the half-angle, p , describe 

the single detection pattern of importance in the Single Search Kode, 

here r.  and p. , for k - 1, 2, 3 and A, are required, 

2,3,A R. , a. 

Since, detection may occur on one of four patterns, there are f«yr 

possible positions at the time of detection. In the previous mode the 

point of detection, defined by the ranae, R , and the fighter's tracking 

angle, a? , lead to *he definition of the initial relative parameters. 

In the current mode the analogous parameters R.  and a. , for 

k » 1, 2, 3, A, define the point of detection on the k**1 pattern in 

exactly the same way (see Figure 2,3-3), 

2.3.5 Ymax00 . Ynln(k) , YB(k) , Yc(k) 

In the Single Search Mode   Y    x , Y in , Yfi , and    Yß    are control 

parameters uniquely defined by the initial velocities and the detection 

pattern of the figuter (see Section 5,A of  [Ref, 1])»    In the Doubl* 

Search Kode   I^Ctt  » ^^{k)  , Yg(k)  , and   Yc(k)    are these same 

parameters respectively, defined for the   kfc"   pattern (for   TfnÄX(k)  , 

Y  .(k)    see Figure 2,3-1 and 2,3-2),    They are required to find the point 

of detection on the    k        pattern, 

2.3.6 Y* , Ysup , YGJ<B 

In Single Search Y>  is the segment of the projection of the detection 

pattern (r, P) onto the Y-axis, Here there are four patternr to deal with. 

Consequently, Y* is peneralised to be the superposition of the projections 
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Figure 2,3-3 Detection on the kth Pattern 
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of the four detection patterns of r^ and p. onto the Y-axis, 

As in the Single Search Mode the segment Y* represents the liiaits of 

the Y values within which detection will occur. The limits of the new 

Y* -«re Y SUP and YG,B , where 

and 

The new Y* will contain overlaps of individual patterns« These represent 

the regions in which detection can occur on several patterns. 

This covers the generalization of the detection parameters, 

2,4 Extension of the jSinrrle Search Detection in the EM 

The method of detection in the Double Search Mode incorporates the 

procedure by which the point of detection is found on one pattern in the 

Single Search Mode (see [Ref, 1], Sections A,2, 5,4, and 5,5.1), This 

procedure is followed four times. The only concept not covered is the 

selection of that point which occurs first in time — the point from 

which to initialise the engagement. First suppose the detection patterns 

of the two aircraft are circles. Then clearly the circle with the largest 

radius will always detect first. More completely, suppose as in Figures 2,3-1 

and 2,3-2, V* is directed to the left and the two aircraft are alternately 

placed at the origin. Then the pattern with the largest X coordinate 

' Note the different meanings of max and min within each equation 
one bcip£ a functional notation, the other a subscript, 
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at Y  vill detect first — in this special case of circles the aircraft 
G 

vith the largest radius —• since decreasing X represents the movement of 

V* in time. The procedure of placing both aircraft alternately at the 

"relative origin" and choosing the largest X coordinate is equally 

valid with partially circular coverage. 

If, among the four points of detection only one oc «rs first, the other 

three'becoir.e unimportant, since at this point the aircraft starts to maneuver» 

It is the point of the four with the largest X value that occurs first. 

Finally, the X values cf all points are found by resolving the R. , a. 

relative coordinates. The magnitude of X is ^ 5? - r , 6ince the 

range, R. , is from the origin. To find whether X is positive or negative, 

consider that the angle  y. , is measured froia the positive X axis to 

the velocity vector  V\ , and the tracking angle «. , is measured from the 

line of Bight to V. • Thus,  | p. — a. ] is the angular separation of the 

positive X axis from the line of sight. If | UJ - Cj. j > T,/2 S  then 

X is negative, otherwise it is positive. 

If the same aircraft detects visually and by search radar simultaneously 

it is immaterial. However, if both aircraft detect simultaneously, then 

this must be noted by properly setting the value of 7K(n)  (see Section 

2,3,1), for probabilities later evaluated, Kevertheless the aircraft to 

be designated the fighter during the en^agenent, Is lissaatcriel, 

2,5 The, PPM ofiDouble Search 

The purpose of the DPM and its r^thod of execution are the sane as in 

the Single Search Mode of ATAC-2, Bone changes ere required In specifics to 

accomr.cdate the fact that in the Double Search >!o<Ie either aircraft nay 

- 14 - 
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detect and thereby initiate an engagement. To accomplish the changes entails 

redefinition of some of the conditional kill probabilities and elimination 

of others, 

2,5,1 The Probabilities of an Engagement and of an Encounter 

In Appendix A, Volume IV of [Ref, 1] the probability of detection of 

the bomber by the fighter is derived. The generalisation to the probability 

of an engagement -« detection by either aircraft — is obtained in an 

analogous manner. The segment Y* is redefined for the Double Search 

Mode to Include the normal projections of both aircraft*s detection patterns. 

In tine t this segment sweeps out an area Y*V*t in relative space. 

Detection will take place, resulting in an engagement? if and only if one 

of the two aircraft is in this area at some time before t • The probability 

of an engagement as a function of t , Pp(0 , has the same form as in the 

Single Search Model 

PE(c) - 1 - e"P6D (2,5-1) 

F - Y*V*/VB     , (2,5-2) 

Arbitrarily, this c is used for e. • Due to the symmetry of the 

t        t 
initial geometry, the choice of c * c* or c • c2 is immaterial. The 

aegment Y* is generalized to account for the double search in Section 

2,3,6. 

If ?  is the probability of an encounter, then as in equation (6,3-4), 
K 

Volume II of [Ref, 1], 

C -15- 
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3 E  ve>+ -5 JL PF.(C) 

ifCx>c2 cl'c2 

N    - 1 e 
(2.5-3) 

2.5.2 Ths Probabilities of Kill 

In the. Double Search Mode the event of awareness by either aircraft 

is of no interest. Further, fhe conditional event of a duel replaces the 

conditional event of detection of the bomber by the fighter« Let P.(e) 

be the probability that aircraft j is killed, given an enp.afccnent at e , 

Let P..(t, n) be the probability aircraft j is» killed given the engage*- 

ment defined by c and n . Thus 

i}w n«*l  J 

K 
,  j - 1, 2 .  (?..b-4) 

Let PK4 be the probability that aircraft j is killed, given an 

encounter, Then 

£  PB(e) Pj(t) + .5 £ PE(e) p}(e) 

PK1 . **!''» VC2   ,  (2.5-5) 
3 0». - l) pE 

for j « 1, 2 , There are the baric kill probabilities conditional on an 

encasement or an encounter* 

Further information in available fron the E". One night ask how veil 

an aircraft docs when it detects first. Indeed, how likely dors it detect 

the cneny first, give;, a duel occurs. This latter question relates to the 

- 16 - 
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aircraft's avionics capabilit,, &ka*nst a particular enemy. Both questions 

ä       call for the introduction of additional probabilities. Let Pn(j» e) be 

tr* probability that aircraft j detects its enemy initially, given an 

engagement at the indicated t  , An estimate of Pn(J» 0 is the number of 

grid-points at which j detected its enemy first or simultaneously, divided 

by the total number of grid-points "sampled," Thus 

.- 

Pp<j. 6) - ^(0/N , J - 1, 2 ,  (2.5-6) 

where N.(e) is the number of grid-points in which j detected initially 

for that z  , Let P^Cj) be the probability that aircraft j detects its 

enemy initially, given an encounter, Pß(.1) is obtained by averaging the 

PjjCjt O values weighted by the probability of an engagement, divided by 

the probability of an encounter. 

t#tve                                        elfe2 
PD(j) -  " ~ » (2.5-7) 

(Nc - 1) PE 

for j - 1, 2 . 

2 
Let P.(e) be the probability that aircraft j Is killed, given an 

engagement *t c and that aircraft J initially detects its enemy0 The 

computation is made by sunning over only those cases in which j detects its 

enemy. Thus, 

E y*.") 
J 

C 

p2(c) m   ? .   , .    , j - 1, 2  .     (2.5-8) 
J        N4(e) 

• 

«• 



* 
• 

»,   • 

o 
Let PK* be the probability that aircraft j is killed, given j 

•I 

detects initially. Then 

E  PD<J. OPE(OP?(0 + .5 E V^ c>PE(e)Pj(E) 

•5- 

for J - 1, 2 . 

(Nc - 1) PD(j) PE 

(2.5-9) 

i 

V 

o 
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COMPUTATIONAL CHANGES FOR VHE 

SECTION 3 

)NAL CHANG) 
DOUBLE SEARCH MODE 

, 

3.1 ENGAGEMENT Model Changes 

Since the Double and Single Search Modes of ATAC-2 are Identical 

in*intra-engagement tactics the only routines in the ENGAGEMENT Model 

that require changing are those of GRID PREP and GRID (see Section 4.1). 

The changes necessary are to compute the parameters for the four detection 

patterns. Instead of computing one set of Y- , Y_ 1 Y   and Y   , D        L   max      mln 

the Double Search program computes these.parameters for four values of 

k in GRID PREP, The method of computing them for any fixed pattern is the 

same as in [Ref. 1]. Also, the GRID routine is executed four times to 

conpute R^ and a^ for the relative geometry (along with c) of the 

point of detection on the k pattern. One singularity occurs here. 

If Y is not between v
max(l0 and Y ,(K) , then detection may not 

occur on the ktn pattern for that t   and grid-point. In such a case 
•rm mm 

Rk  and \     are set to zero. Finally the relevant point of first 

detection is found as that point with the largest X coordinate. This 

i     mm    7 2  1 /2 
X coordinate is easily found, for { i\)    - Yg J '  is its absolute 

magnitude and the sign of it is given by the sign of the quantity 

w/2 - | p - a^ |  , Next the point at detection is found for each 

aircraft. Then the detecting aircraft is determined, and the value of 

F is set to that aircraft nurber, vhile B is set to the other number, 

that of the detected aircraft. Finally the code IE(n) is set to identify 

which aircraft was first to detect in this, the nth grid-point, 

3«2 PPH Chances 

These changes correspond to the discussion given in Section 2,5 above, 

- 19 - 
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SECTION A 

FLOW CHARTS 
• 

Only the flow charts of the routines requiring change are presented. 

The flow chart conventions here are the same as ueed in Reference [1], 
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SECTION 5 

PROGRAM LISTING 

In this section the program listing of the changed routines is 

shown. 
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1». ABSTRACT 

ATAC-2 is a simulation rod el designed to help evaluate fighters in air-to-air 
combat.    The model treats the one vs. one dogfi^it which arises from a random search 
siutation.    Both aircraft in the combat are (usually) aggressive.    The two principal 
outputs from the model are ths probability a given aircraft is killed in the fight 
and the expected number of enemy aircraft an aircraft kills over its useful life. 
Combat is restricted to a fixed altitude.    The maneuvers are dynamic in that each 
aircraft responds to the situation at each moroent in a duel depending on the 
information it has about an opponent's activities.  (U) 

Inputs include, for each aircraft,, search and tracking radar characteristics, 
passive radar sensors, optical capability, IFF, energy-maneuverability data, weapon 
loadings, weapon characteristic;-, and weapon kill probabilities.  (U) 

The rationale for the model specifics are presented. Flow charts and program 
listings are included.    Ihe model has been run repeatedly on an IBM 7091;«    (U) 
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